A 


Publication 18 39 


WORK STUDY 


В. M. CURRIE, св. 


M.I.C.E., M.I.Mech.E., M.I.Prod.E. 


Head of 1.С.1. Central Work Study Department 
First President of the Institute of Work Study 
President, European Work Study Federation 


Foreword by 


SIR EWART SMITH, F.R.S. 


PITMAN 


The resounding success of the first edition 
of Work Study was clear evidence of the 
need for an authoritative work on the 
subject and the book is now a standard 
text. Writing on the basis of his own 
practical experience, and making skilful 
use of illustration, the author deals with 
every aspect of work study techniques. 
A feature of the book is Mr. Currie's 
thoughtful discussion of the purposes of 
work study, its human implications and 
its uses to management. 

The scope of work study is constantly 
expanding, just as its techniques are 
continually advancing, and it was therefore 
felt that a revised edition would be wel- 
comed. This new edition appears at a 
time when the competence of British 
Industry is the centre of much argument, 
and when National Productivity Year has 
focused an unusual amount of attention 
on the issues involved. One thing quite 
beyond dispute is the need for increased 
efficiency, and here the techniques of 
work study must have a large part to play. 

The principal additions to the book con- 
cern the actual introduction of work study 
into an organization; an important de- 
velopment in work measurement; and the 
presentation of the report to management 
after a study. Other modifications have 
been made in the light of recent changes 
in practice. 

In its revised form the book will con- 
tinue to be of value to students for the 
examinations of the Institution of Mech- 
anical Engineers, the Institution of Pro- 
duction Engineers, the Institute of 
Work Study and the Institute of Incor- 
porated Work Study Technologists. It will 
have an appeal, however, far beyond the 
specialist and can be commended to all 
interested in modern management. 
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Foreword 


KNOWLEDGE of work study, as defined by the author of this book, 
is now becoming widespread, and its methods are being used with 
signal success in many branches of industry and the public services. 
That this should be so is, to a major extent, due to the enthusiasm 
with which Mr. Currie himself has developed, applied and expounded 
work study techniques during the post-war years. 

In my experience, work study, properly understood and applied, 
can affect work at every level. I say “at every level” advisedly, 
for its influence can be felt in the board-room, as on the shop floor. 
It is a general tool of management but perhaps its most important 
result is to inculcate an attitude of mind that seeks continuous 
progress in a systematic manner and that does not rest content till 
it is achieved. Because of this, the detailed techniques and applica- 
tions of work study are themselves developing all the time, and the 
author has been wise to concentrate on the basic principles of 
approach and practice. Even some of these are not very old and 
no doubt revision and extension will be necessary in the years to 
come. 

To those student readers who will be taking up some form of 
managerial activity for the first time, I would emphasize that an 
understanding of work study cannot but be of help in developing a 
dynamic and objective approach to their own work. This is also 
necessary for every “ line " manager if he is to take proper advantage 
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of the help which specialists, such as fully trained work study officers, 
are able to provide. Butlet no one think that to read a book—however 
good—is to become such a specialist himself; like a doctor, he must 
also have practical training under skilled teachers, if he is to become 
a skilled practitioner, rather than a danger to those with whom he 
has to deal. 

I have been in close touch with Mr. Currie’s work for the past 
twelve years, and I have seen at first hand what work study can do 
in raising productive efficiency. Thus, I am naturally predisposed 
in favour of this guide to its principles and practice. I hope it will 


be widely read and wisely followed, so that these benefits may be 
still further extended. 


Ewart SMITH 
20th July, 1959 
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Preface to the Second Edition 


First I must thank all who joined in giving such a magnificent 
reception to the first edition of this work. They made me feel that 
the book was necessary. Secondly, I am grateful for several sug- 
gestions as to possible improvements; where these were in accord- 
ance with the scope of Work Study as seen by the professional 
bodies covering the subject, I have done my best to remedy the 
omissions. In some cases I was asked to include material which 
lies outside the Work Study territory; here I have felt that wisdom 
lay in leaving such matters to the appropriate specialist writers. 

The principal additions are in connexion with the actual intro- 
duction of Work Study into a works or company; a new development 
in Work Measurement designed to render the techniques of more 
lasting value; and the presentation of the report to management 
following a study. Other small modifications have been made in the 
light of recent departures in practice. For all this new material I 
acknowledge the generous collaboration of my colleagues in I.C.I. 


RM. C. 
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Preface to the First Edition 


Tus book is an attempt to put together experience and knowledge 
of Work Study, gained more particularly since 1947, while I have been 


by I.C.I.’s Progressive management policy, 
sound and excellent labour relations. It is onl i 
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Production Engineers have taken similar steps. The City and Guilds 
of London Institute now offers a Work Study Certificate; and 
another significant stage in the progress of Work Study was reached 
with the fusion of the Work Study Society and the Society of 
Industrial Engineers. 

In compiling this book—which is intended to be basic rather than 
exhaustive—I have also had in mind the examinations for entry to 
the Institute of Work Study and the Institute of Incorporated Work 
Study Technologists. 

This book is, however, addressed not only to examination students 
and to those wishing to become members of these organizations 
but also to all those desiring information on the subject, whether 
they are in industry or not. It is intended primarily to provide a basis 
from which more specialized knowledge may be built up as required. 
With this in view I have felt it important to show the historical back- 
ground against which the work study techniques have gradually 
developed. It is indeed fascinating to look back into the past and 
to see how management methods have slowly changed under the 
impact of the early pioneers. They made many mistakes and 
were often misunderstood, but modern industry owes them a great 
deal. 

I have devoted a chapter to explaining what I consider to be the 
main purposes and functions of work study so that these may be 
clearly understood from the outset. Included in this understanding 
must be a real appreciation of the human implications of work study. 
This is a side of the subject which I think has sometimes been over- 
looked in the past and yet is undoubtedly the most important aspect 
of all. Work study has a very big part to play in ensuring that every 
worker feels his job is worth while, that he is doing it as efficiently 
as possible and is receiving a fair reward for his labour. A great 
deal has been written and said about human relations in industry and 
it all comes to the same thing—treating people as individuals with 
hopes and fears, needs and desires similar to our own. А 

The chapters on the techniques of work study must necessarily be 
somewhat longer and more detailed than others in the book, because 
they deal, after all, with the “ tools of the trade.” These are the 
tools which have been and are being used so successfully not only by 
industry but by organizations in many other fields. Needless to say, 
with such a rapidly developing subject as work study, changes and 
improvements in the techniques are taking place all the time and 
there is no doubt that regular revisions of these chapters will be 
required should the book be found to serve usefully the purpose for 
which it is intended. One factor that I hope will commend itself is 
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that the terminology used is that decided upon by the British 
Standards Institution. 

In the concluding chapter I have tried to give a picture of the ser- 
vice to be gained by management from work study and to show how 
this service is growing. This is particularly evident in pre-production 
planning, design of buildings plants and products, construction, 
estimation of labour requirements and so on. I hope that this chapter 
may give readers the feeling that work study is more than just a set 
of routine techniques to be used (important though this is) for 
improving methods or working out incentive schemes. It is a part 
of management, which nothing else can replace. 


As this book is in the nature of a “ pioneer ” in the field there 
must obviously be many omissions and perhaps errors in the hand- 
ling of the material. I should, therefore, be most grateful for sugges- 
tions from readers so that, if there should be a demand for a second 
edition, matters may be put right. Perhaps in the future it may be 
found desirable to increase the scope of the book and to include 
exercises, specimen charts and more examples. 

It goes without saying that this book could not have been written 
without the assistance of everyone concerned with work study in 
Imperial Chemical Industries Limited. It would be invidious if I 


: feel that I must mention my especial 
gratitude to the past and present members of my own Central 


ed so much, including Mr. Thomas 


nursed this first edition through the 
ibute to the whole- 


have been so different. 


R. M. CURRIE 
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Historical: The Pioneers 


Work Р 4 

іп simpliying hs old as industry itself. The first man who succeeded 
unconscious e al by the use of his reason can be considered its 
Stitute the ever- nder; for behind the many techniques which con- 
attitude. It eem province of work study lies a basic scientific 
approach to the essentially а ruthlessly | anaiytical and inquisitive 
With a desire to dies of manpower, materials and equipment coupled 
methods by the da y the facts from such inquiry to improve existing 
of mind has ; elimination of waste in every form. Such an attitude 
the есіне T been a prerequisite of industrial progress, but 
contribution to E ee study now developed can make а notable 


The British Pioneers 


Whi s 
кн ere is nothing essentially 
een nae T intensity of the analytical approa 
gained г іле de an unconscious art, an attribute of individuals, 
ІП some — experience and lost in the same way. For instance, 
1858) as a pecte onë might consider Britain’s Robert Owen (1771- 
of Aerie eater of method study. He foreshadowed the work 
show his int ilbreths by his work in his New Lanark Mills. Records 
Methods t ense interest in problems of layout, 1n the need for new 
o embody better working conditions, and in making 
1 


new in work study the novelty is 
ch. It has always 
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provision in the “ time allowed ” for a job to include compensating 
rest and to cover the effects of fatigue. 

Owen’s attitude is summed up in an essay addressed to “ the 
superintendents of factories,” where he wrote: 3 Many of you have 
long experienced in your manufacturing operations the advantages 
of substantial, well-contrived and well-executed machinery. If, then, 
due care as to the state of your inanimate machines can produce such 
beneficial results, what may not be expected if you devote equal 


attention to your vital machines, which are far more wonderfully 
constructed 2” 


The Beginning of Work Measurement 


As far as work measurement is concerned there is some evidence 
that hundreds of years ago monks recorded “ overall times ” in the 
construction of stonework when building their monasteries. As far 
as is known the earliest attempt at the more detailed timing of 
manufactory operators was made in 1760 by a Frenchman, Jean R. 
Perronet. Perronet made overall-timed studies of the complete 
cycle of operations in the manufacture of pins. It is believed that 
parallel developments were taking place in Britain, for a document 


note that this is sixty years before 
born. 


Derby China Manuf: actory— 


the great American pioneers were 
The document refers to the Old 


"s manufactory; and to take such observa- 
th and accuracy in my power and to give the 


This “oath ” is interesting, 
points—that the Object is to ge 
objectively to management, 
violation of the confidence th 
and employees (see Chapter 
Charles Babbage (1792- 
in the manufacture of 


in that it establishes two important 
t accurate facts, and to report them 
Secrecy is nowadays regarded as a 
at should exist between management 
3). Forty years later an Englishman, 
1871) carried out similar time studies, also 
pins. Babbage, whos 


0.1” may be seen in the Science Museum at 
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organization. No attempt appears to have been made in these early 
studies to break down the cycle of operations into elements. They 
were merely the record of the overall ' elapsed time ” in production. 


The American Pioneers 


For refinements of the broad method studies of pioneers like 
Robert Owen and the overall time studies of Perronet, Babbage and 
many others we have to thank two great citizens of the U.S.A. for 
the undoubted advantages of more detailed method study and more 
accurate time study. 

To Frederick W. Taylor (1856-1915), among many other claims to 
fame, must go the credit of having first evolved the principle of break- 
ing a job down into detailed elements to determine by time study a 
time to be allowed for the job. 

Taylor was rather a remarkable man. Having served an appren- 
ticeship in several trades he was rapidly promoted until at only 31 
he was made chief engineer of the Midvale Steel Works. He began 
to concentrate attention on such basic industrial problems as 
“ Which is the best way to do a job?” “ What should constitute a 
day’s work?”, etc., and deliberately set out to give answers to many 
of these questions. 

He extended his studies further and endeavoured to establish basic 
Principles of management which would apply to all fields of industrial 


activity. Many years later Taylor explained his objectives as having 
been the following— 


1. The development of a science for each element of a man’s work, 
thereby replacing the old rule-of-thumb method. 

_ selection of the best worker for each particular task and then 
training, teaching and developing the workman; in place of the former 
Practice of allowing the worker to select his own task and train himself 
as best he could. 

3. The development of a spirit of hearty co-operation between 
management and the men in the carrying on of the activities in 
accordance with the principles of the developed science. 

he division of the work into almost equal shares between 
Management and the workers, each department taking over the work 
Эг Which it is best fitted; instead of the former condition in which 


almost all of the work and the greater part of the responsibility were 
rown on the men. 


It Was these principles, extended and applied, which formed the 
asis of what has been called “ scientific management.” 
n 1898 Taylor went out to the Bethlehem Steel Works, where he 
undertook his famous studies of shovelling. What worried Taylor 
Was the disparity of load handled between the six hundred individual 
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shovellers on the plant and between the wide variety of materials 
shovelled. For instance, he found that shovellers were lifting loads 
of 3} Ib when handling rice coal, and up to 38 Ib when moving 
re. 

É Taylor, therefore, set out to discover what shovel load permitted 
a good shoveller to shovel most in a day. He experimented with 
different sizes of loads and with shovels of varying weights and 
designs. Finally he came to the conclusion that a load of 213 Ib 
enabled the average man to shovel the maximum tonnage of material 
in one day. Therefore he provided different types of shovels for use 
in handling different types of material, but each Was so constructed 
that it could hold only 21} Ib. 

In addition Taylor established a planning department in order to 
determine in advance the amount of work to be done in the yard 
during the ensuing day. Furthermore, instead of working as an 
anonymous member of a large gang, each man was made responsible 
for his own work and paid a bonus for reaching his target, based on 
Taylor's standards. 

To him must go the credit for christening his technique “ Time 
Study," for of necessity time studies became the principal feature of 
his “ scientific management" Fundamentally management cannot 


become scientific without an adequate knowledge of how long it 
should take to do work. 


Taylor started by breakin 


small groups of motions called elements. Each element was timed 
Separately and the elapsed ti 


an easily analysable form, 
while at the same ti } ч 


1 e development of work 
Production problems in a more intensive 


Spirit of Scientific inquiry." 
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Another American pioneer was Henry L. Gantt (1861-1919), 
chiefly known now as the originator of the “ Gantt chart " widely 
used in work study today. The chart is a visual display based on 
time rather than dimension, weight, etc., and gives a continuous 
picture of progress, thus enabling management to exercise closer 
control over production, Gantt was, however, a great contributor 
to the development of incentive schemes and planning and control 
systems generally; and his title for inclusion in this chapter is based 
on his expressed conviction: “ In all problems of management the 
human element is the most important one.” 


The Beginnings of Method Study 

The industrial world owes an incalculable debt to Frank and 
Lillian Gilbreth, for the development of what they christened 
“ Motion Study,” an intensification of the broad pioneering method 
studies of Robert Owen and many others. 

Frank В. Gilbreth (1869-1924) was a New England contractor and 
industrial consultant and another pioneer in the field of scientific 
management. He was always greatly assisted by his wife, Dr. Lillian 
Gilbreth, a trained psychologist, who, happily, is still able to play an 
active part in the continuation of her husband’s work. The Gilbreths’ 
partnership through life makes a long and fascinating story. Gil- 
breth started as a bricklayer and became a successful contractor. 
His wife worked for many years to win her doctorate in psychology; 
yet she was able at the same time to assist her husband materially in 
his work and bring up the famous Cheaper by the Dozen children! 
Together they developed the techniques of motion study. 

In 1885 Gilbreth, at the age of 17, eschewed that Harvard educa- 
tion which was the convention of old New England families. Instead, 
he went to work for a building contractor in Boston, where he began 
by learning the bricklayer’s trade. His ambition was to work his 
way through the various ranks of the building trade until he himself 
could become a partner. But when he tried to learn to lay bricks, he 
discovered that no two workers used the same technique, nor did the 
worker use himself the same method as the one which he endeavoured 
to teach to the apprentice. Furthermore he noticed that a bricklayer 
used one set of motions when he worked slowly and another when 
he worked fast. y 

This started Gilbreth thinking. While learning the craft as best he 
could himself, he determired to work out the most efficient method 
of laying bricks so that he personally could get ahead. He began by 
studying the motions of the individual bricklayer and endeavouring 
to analyse and rationalize these motions. This was the beginning of 
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motion study. Many years later Gilbreth said about his intentions 
at this time— 


The only thing I had in mind was to figure out a good way, con- 
centrate on it, pass my examination and get a Position as foreman; I 
had no idea of motion study, but I did have an idea of finding the best 
way for me to get on with my job. 

So far Gilbreth had done no more than numerous other men must 
have done under differing industrial circumstances. But he was not 
content to leave the matter there: he continued to study the problem 
of laying bricks. He ascertained that eighteen separate movements 
were made in laying each brick. By analysing these movements, he 
was able to reorganize the pattern of work so that the movements 
were reduced to five per brick. From a study of bricklaying Gilbreth 
moved on to other constructional jobs, to the redesigning of scaf- 
folding and the general layout of the work-site, all of which were 
included in his own field of general contracting. 

From their various studies, the Gilbreths together developed the 
laws of human motion, from which they evolved “ 


motion economy." The Gilbreths held that most manu 
be broken down int 


The term motion study was coined b 


field of research in order to distinguish it from the time study of 


ч » When timed, build- 
ing methods of least waste, 


Like Robert Owen, but to a much more adequate extent, the 


Gilbreths also investigated the problem of fatigue and its elimination. 
From their studies they held that it was Possible to eliminate “ need- 
less fatigue.” The three pri 


ncipal methods by which this could be 
done were— 


1; Lightening the load 


Introducing Test periods 
3. Spacing the work 


Here we can di 


stinguish th 
call “ Relaxation ы deos 


Y conception of what today we 
Allowance " or 


Е Compensating Rest." 
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Two Basic Attitudes 
2 At this time the ideas of F. W. Taylor and his colleagues in 
‘Scientific management " were prevalent in American industrial 
circles. Gilbreth, as might be expected, became interested in them, 
but he was reluctant to accept them whole-heartedly. He found that 
many of the details of Taylor’s work conflicted with his own experi- 
ence. All through his life Gilbreth retained immense admiration for 
Taylor’s courage and analytical abilities, but he never allowed it to 
obscure the certain weaknesses in Taylor’s theses. To begin with, 
Gilbreth held that it was bad practice to make a time study to set 
times until one had ensured that the best and most economical 
method of performing the operation had been properly established. 
Furthermore Gilbreth objected to the habit of making secret time 
Studies of reluctant employees. He maintained stoutly that both 
motion study and time study required the active interest and co- 
Operation of the workers concerned. 

The difference between the two respective approaches of Taylor 
and the Gilbreths is signified in the two terms which are associated 
with their names, time study and motion study. Taylor was interested 
Principally in the time factor. He approached the problem of 
method and motion їп а far less scientific manner, simply as an ancil- 
lary task in the practice of his time studies. The Gilbreths, on the 
other hand, were mainly concerned with devising the most economi- 
cal methods and the most effective layout of work space, followed 
by the motion study. They regarded elapsed time as а secondary 
Consideration. They felt that in any сазе а reduction in elapsed time 
would follow from the proper use of motion study. 


Rated Time Study 

From 1911 onwards another American industrial consultant, 
Charles E. Bedaux, tried to construct an objective system of measur- 
ing work. He evolved the concept of a common unit by which work 
done on any particular job could be evaluated. It was intended to 
Provide an objective standard upon which to base financial incentive 
Schemes and by which to compare different types of work. This unit 
he called B unit after himself. n P 

The technique used by Bedaux to establish his unit values was a 
development of Taylor time study; but he made an important 
refinement to time study practice. Previously time study had been 
Composed simply of the average elapsed time for each element. 


edaux introduced a new factor, rating assessment. As each element 


Was timed, the time study man assessed a rating value for the speed 
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and effectiveness with which the element was carried out. Thus a 
serious attempt was made to bring a qualitative element into time 
study. Furthermore, Bedaux followed Gilbreth’s conception of 
introducing a rest allowance for the recovery from fatigue into the 
basic calculations of a B unit value, 

There is no doubt that Bedaux, by introducing rating assessment 
and including a rest allowance, made an important contribution 
towards establishing an empirical basis for the measurement of 
work. Unfortunately, his efforts in industry met with serious oppo- 
sition from organized labour, both in America and in Great Britain. 
The reasons were many, but most important was the failure of 
management by word and deed to obtain labour's confidence, and 


the failure of labour to realize that time study if properly used could 
contribute towards justice. 


It is also true that some of the Bedau 
primitive, e.g. fatigue allowances were n 
It must, however, be recognized that t 
were considerable in spite of the fac 
misused. His contributions, for all t 


of great consequence to the subseq 
Measurement." 


x techniques were still fairly 
ot ona truly analytical basis. 
he advances made by Bedaux 
t that the results were often 
heir imperfections, have been 
uent development of “ Work 


The British Contribntion 


Particularly in more reci 
the development of modern work stud 
ever closer integration of 


adoption of the name Є Work Study." 
Many do not favour the American equivalent title of Industrial 


comparison with 
er—the Scope of work Study extends far 
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Great Britain by I.C.I. and a number of other firms. In 1926 a 
company called Charles E. Bedaux Ltd. was registered in London 
with the object of supplying technical consultants to companies 
in this country. In 1931 some two hundred men had been 
trained in the original Bedaux methods and had applied these 
methods to some five hundred plants. 

A certain amount of resentment towards the Bedaux consultants 
arose owing to the fact that the introduction of the system coincided 
with the general depression of 1929 and the early thirties, when 
employers appeared to be largely concerned with economies in 
labour. There is no question that certain employers brought the 
Bedaux system into disrepute by adopting the extremely bad practice 
of cutting properly established values after the Bedaux consultants 
had completed the application. 

Just as World War I provided the circumstances for the first step 
towards work study, so World War II saw a second step—organized 
support by the Government. Although most people recognize the 
name of Sir Stafford Cripps as that of the founder of the Anglo- 
American Productivity Council, it is not generally realized that it 
was under his aegis at the Ministry of Aircraft Production that a 
Production Efficiency Board was set up which ran the first Govern- 
ment-sponsored courses in motion study based on Gilbreth’s teach- 
ing. Parallel with this, and brought about by the need for the rapid 
development of supervisors, was the sponsorship by the Ministry of 
Labour and National Service of a “ Training Within Industry 
Programme on similar lines to that which had long been carried on 
in the United States. T. W.I. as it is familiarly called, is divided into 
three parts; Job Instruction, Job Relations and Job Methods; the 


last-named, which has recently been revised to strengthen its effec- 


tiven г ht into line with method study, and has 
ess, has been broug are of the benefits of 


helped junior supervision to become more aw 
critical examination of the facts. 

The British contribution of recent years has been along three 
Special lines— 


(a) The systematic attempt to humanize and co-ordinate tech- 
niques and to emphasize that work study is an integral part of 
management’s job and not an expert system superimposed upon 
them and those for whom they are responsible. This is coupled 
with a more intensive theoretical and practical training for work 


study practitioners. 
) The ension of method study to far beyond the 


(b) The successful ext ) to 
individual work-place and covering the whole existing department 
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or works and increasingly to the development and design of new 
processes and products and layout of factories. Particularly 
notable has been the development of the more highly organized 
critical examination of proposed as well as existing processes and 
procedures. 

(c) The development of work measurement to cover non- 
repetitive work such as engineering maintenance and construction 
much more effectively than heretofore and to establish data from 
which work values for this type of work can be synthesized, 


To all these developments the well-known consultant firms have 
contributed in substantial fashion and with a high standard of 
professional knowledge and integrity, 

It has been a typically British Story of a large number of unrelated 
efforts all tending the same way and finally combining in a coherent 
attitude to work study based on the national need for higher pro- 
ductive efficiency; and of great importance in this general develop- 
ment has been the increasing interest and action taken by the British 


Trade Union Movement to investigate, teach and encourage the use 
of work study. 


2 ی‎ ae 


Productivity and Work Study 


been a much keener understanding of the 


meaning of productive efficiency. This is coupled with a growing 
understanding that only through the economic health of all industrial 
organizations great and small can come the progressive rational 
prosperity which will vitally affect the standard of living of the whole 
nation. 

Productivity in its broadest sense is the quantitative relationship 
between what we produce and the resources which we use. There is 
a clear and distinct difference between production and productivity. 
It is quite possible to increase the actual volume of production and 
yet decrease productivity. In seeking higher productive efficiency, 
therefore, we are concerned, not simply with increasing output, but 
With increasing output from the same or smaller use of our resources 
of all kinds. 

Productivity is an overall conception which is difficult to express 
or to measure. It is, however, possible to consider productivity in 
terms of various basic resources used in industry. Thus it is some- 
times expressed in terms of the output from labour, or from services, 
or from the capital invested. Whilst these partial expressions do not 
necessarily give an accurate picture of the overall position, they may 
be very useful in that they show trends and broad movements. 

In the long term it is only through advance in productivity that 
employees can hope to obtain an increase in real wages, shareholders 

11 


IN recent years there has 
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an increase in the purchasing power of their dividends, and cus- 
tomers lower real prices. It is equally true that the future economic 
strength of the nation in a competitive world depends on manage- 
ment's success in achieving this aim, wherever the provision of goods 
or services is involved. With the increase in scientific knowledge 
and the development of better management techniques this adv. 
should not only be continuous, but should take place at an 


increasing pace. Here it is as well to remind ourselves of a 
known definition of management: the or 
human activity directed to specific ends. 


ance 
ever- 
weli- 
ganization and control of 


Factors Affecting Productivity 


Nature and Quality of Raw Materials 


In Britain we have heard 
advantages in thi 


materials where we need 
Both factors demand b 

Which is evident in the us 

their efficient handling, 


them. 


etter methods to eliminate the woeful waste 
€ of our natural resources and to provide for 


Productivity and Work Study 13 


Amount of Plant and Equipment Employed 

It should be remembered that the physical effort a man himself 
can give is only about 3 h.p. whereas the average power used in indus- 
try per man today is 10 h.p. in Britain and 30 h.p. in U.S.A. Broadly 
speaking, therefore, it is highly uneconomical from a productivity 
point of view for a man to do any physical work at all which could 
reasonably be done by mechanical equipment. Far too much of the 
country's plant equipment and buildings is obsolete and ill-designed. 
This is due to a failure to plough back enough capital for modern 
equipment for future profit. Many whole industries stand indicted on 
this. It must also be remembered that even when there are plenty of 
funds to invest in new plant and equipment, it is still necessary to 
ensure that capital resources are used to the best advantage for 
productive efficiency. 


Efficiency of the Plant and Equipment Employed 

This factor partly depends on an adequate supply of technologists; 
but equally it demands eagerness and action at all levels in a firm to 
obtain the best from existing resources. To make this eagerness effec- 
tive, information on production, performance and cost must be 
available to all concerned. 


Volume, Continuity and Uniformity of Production 

Standardization of products, resulting in longer and more economi- 
cal runs, depends upon finding out the best and most simple product 
to fill the market's needs and the best method of making it. Some 
* customer education " may be necessary, but this should not be 
difficult if the product offered is cheap and satisfying. 


Utilization of Manpower 

Manpower—brain as we 
Britain is not at any disadv 
there is real need to see th 
methods of work are not wasteful of effor 
able fatigue and frustration. 


ll as brawn—is the fundamental resource. 
antage in quality at any level and, hence, 
at both general planning and detailed 
t and productive of avoid- 


* The Six Lines of Attack ” 

At this stage, now that the major influences at work have been 
very broadly examined, it is possible to formulate positive lines of 
action. These can be summarized under six headings which have 
come to be known as “ the six lines of attack ” to improve produc- 
tive efliciency ; and since they were first enunciated by I.C.I. they 
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have proved their value on the national scale as well as on the 
basis of the individual firm— 


1. Improve basic processes by research 
and development. Long-term—will 
2. Provide more, and improved, phy- require capital. 
sical means of producing. 


3. Simplify and improve the product ii: Intermediate—may 
reduce the variety. require capital. 
4. Improve methods of operation. 


5. Improve organization, planning and Short-term—will 


control. require little or 
6. Increase. manpower effectiveness at no capital. 
all levels. 


l. Improve Basic Processes by Research and Development 


2. Provide More, and Improved, Physical Means of. Producing 


There is an essential difference between the first two lines of attack 
and the others. These two will require considerable capital expendi- 
ture and are necessarily long-term projects. They entail investment 
in highly trained technical staff and in buildings, plant and equip- 
ment, as well they demand all those facilities which go with tech- 
nical and engineering research and development especially as applied 
to the creation of new products and the design of new plants. Work 
study is now making a significant contribution here; a modern trend 


is for all technical Staff to be given appreciation in the principles and 
to have well-trained work study specialists in development and 
design teams. 


3. Simplify and Improve the Product and Reduce the Variety 


The third line of attack may be conside. 
policy Which may or ma: 


iency or make other changes; but the signifi- 
cance of expenditure wi i ci f 
каен ticular circumstances 0 
ам deal of negotiation and co-opera- 
[ е planned changes will take time. There 
x peu есопотіс benefits to be gained from standardization and 
uction of range of products to a reasonable minimum. In all 

ese hniques have their part to play, in sim- 

| play, in sim 
plifying the problem and in assessing the economics of various 
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The remaining three lines of attack described below represent the 
short-term campaign which is essentially concentrated in the opera- 
tional field where work study can be widely and immediately applied. 

* Little or no capital expenditure is required, but again progress can be 
handicapped unless there is an appreciation of the potentialities of 
work study and the trained staff to put these potentialities to work. 
Either from a national or individual point of view it is important to 
remember that it is from the savings resulting from these lines of 
attack that the capital becomes available for the long-term measures 


mentioned above. 


4. Improve Methods of Operation 

By an analytical and intensive study of the details of operation of 
existing plant, many firms great and small have found unexpected 
and still growing fields for improvement. The general approach and 
the techniques of work study are essential to success in such an 
approach provided they are adequately integrated with technical 


considerations. 


5. Improve Organization, Planning and Control 

To suggest improvements in planning and organization sounds 
obvious and elementary and there are few readers of this book who 
would not claim to be able to do somebody else’s job better. The 
work study attitude of mind turns this critical attitude towards one’s 
own organization. Who would claim his job could not be better 
planned? How many fully realize that manpower is the most valu- 
able of all our resources and that the cost of human effort is increas- 
ing relatively faster than any other? The fundamental facts revealed 
by work study have been proved beyond a doubt to be a far better 
basis for executive judgement than inspiration or misguided 


experience. 


6. Increase Manpower Effectiveness at all Levels 
This last line of attack should be considered in the broadest pos- 
sible terms and should include everybody from the most exalted 
executive to the most recently joined apprentice. As Sir Ewart Smith 
once put it— 
Whatever thinking may have been in the past, we have found the 
impact of work study travelling steadily away from the shop floor to 
the Board Room. We now regard it as symbolizing the analytical 


and progressive attitude of mind which is mainly concerned with 


making management manage better, rather than getting the workman 


to work harder. 


W.S.—B. 
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In each of the foregoing fields, then, work study has obvious appli- 
cations. 

In regard to the last three factors referred to, work study can play 
a major role. For some years now it has been widely recognized that 
work study applied to an existing plant and to proposals for its 
modernization or extension can reduce the amount of capital 
required, or perhaps even postpone the necessity for such expen- 
diture; and because short-term improvements are always desirable, 
and are normally within the scope of all sizes and types of organiza- 
tion, work study has come into favour particularly as an attractive 
and useful means of improving productivity during and between 
changes of more far-reaching nature. Recent trends in the applica- 


tion of work study to activities on the larger scale are discussed in 
Chapter 20. 


Purpose of Work Study 

The agreed definition of work stud 
Institute is that it is a 
method study and wor 
tion of human work i 
to the investigation 
economy of the situ: 
ment. 

The objective of work stud 
the optimum use of the huma 
an organization for the accor 
is engaged. Fundamentally, 


y issued by the British Standards 
generic term for those techniques, particularly 


k measurement, which are used in the examina- 
n all its contexts, and which lead Systematically 
of all the factors which affect the efficiency and 
ation being reviewed, in order to effect improve- 


y is to assist management to obtain 
n and material resources available to 
nplishment of the work upon which it 
this objective has three aspects— 

1. The most effectiv 
2. The most effectiv 
3. The evaluation o 


€ use of plant and equipment 
€ use of human effort 
f human work 


rae work study may be regarded 
Principally as a proceduri ining the truth about the activi- 
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Fic. 2.1, THE TECHNIQUES OF WORK STUDY 


17 


METHOD 
STUDY 


WORK 
MEASUREMENT 
to assess human 
effectiveness 


D 
0 
SELECT ü 
work to be studied n 
| п 
RECORD 
present method to limit of detail SELECT 


economically justified using 


work to be mensured 


DEFINE 
: DIAGRAMS OTHER : method to be used 
CHARTS AXD MODELS HANS 


BREAK JOB DOWN 


ТО ELEMENTS 
EXAMINE 
the facts critically considering in turn 


PURPOSE -PLACE -SEQUENCE - PERSON 


MEASURE 
quantity of work Involved in that method 


MEANS by 
1 
нанай direct observation || pre-detezmination 
best methods under prevailing using using 
circumstances 
TIME ANALYTICAL, 


STUDY SYNTHESIS ESTIMATING 
Apply relaxation allowance 


OBTAIN 
standard time 
Add other justifiable allowances 


maa ESTABLISH 


Target time for defined method 


INSTALL 
MAINTAIN 


defined and 
measured method 


to achieve 


to achieve 
Impreved factory and 
workplace layout 


Improves 


A banis of comparison 
of alternative methode 
Correct initial manning 


d design of equipment 
Better working environment 
Reduction of fatigue 
6 in improved use ої 
aterial 
Plant and Equipment 
Manpower 


Continuous economy of тап. power 


Elfective planning of production 
Realistic labour costing 


Basis for sound incentive schemes 


Fic. 22. METHOD STUDY AND WORK MEASUREMENT: CO-ORDINATED 
PROCEDURE 


Productivity and Work Study 19 


Work Study Procedure 


Work study, as the name implies, is the study of work; of human 
work in the deepest sense and dignity of the word, and not merely in 
the special and more restricted meaning used in the physical sciences. 
Even today it is not sufficiently realized that work study is not 
limited to the shop floor, nor even to manufacturing industry. In 
one form or another it can be used in any situation where human 
work is performed. 

The term work study itself is used to associate two distinct yet 
completely interdependent groups of techniques. These groups have 
been subtitled method study and work measurement respectively, 
as shown in Fig. 2.1. As this diagram suggests, the techniques to 
which they refer are concerned on the one hand with the way in which 
work is done (i.e. the method), and, on the other, with the value or 
work content of the task itself. The distinction, although convenient 
for instructional purposes, should be carried no further, for while in 
practice individual specialists may spend the majority of their time 
in one or other field, from the point of view of an organization as a 
whole a major portion of the benefits of work study will be lost if 
attempts are made to use either group of techniques without adequate 
use of the other. 

The co-ordinated procedure has been set out as a chart in Fig. 2.2. 
From this it will be seen that method study, supported by work 
measurement, is aimed principally at the first two of the three 
objectives referred to earlier in this chapter—the most effective use 
of plant and equipment, and the most effective use of human effort 
after proper method study has been carried out. The work measure- 
ment techniques, having as their purpose the evaluation of human 
work, provide information which can be used to increase the 
effectiveness of work planning and day-to-day control, as well as in 
the manning of plant, and for soundly based financial incentive 


Schemes and other purposes. 


Basic Principles 

The techniques of work study in each field are primarily means of 
recording in convenient form the use to which an organization’s 
resources are being or may be put in the provision of goods or ser- 
vices. These records are subsequently analysed along specified lines 
to ascertain where unnecessary effort and waste of all kinds occur, 
So that steps can be taken with a view to eliminating them. 

A feature of work study is the valuable variation in degree of 
analysis permitted by the different techniques. Whether a task is 
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performed entirely in one location or necessitates a person moving 
about continuously; whether it takes seconds or weeks to complete; 
or whether it is continuously Tepetitive or seldom, if ever, follows 
the same pattern of Operations more than once; whatever the 
situation techniques have been developed to study the method and 
measure the work involved. The choice as to which techniques to 
use is normally governed by the economics of each individual situa- 
tion as well as the particular type of activity concerned. 


3 


The Human Context of Work Study 


Ir has been said that there is nothing new in work study and that it 
is largely common sense. In work study, however, an attempt is made 
so to order common sense that it becomes more a matter of routine 
and less a product of inspiration. The fact that the techniques have 
been co-ordinated, codified and extended by constant research has 
meant that work study has become a specialist function in industry 
and in other fields, and it is now regarded as an essential service 
within the management team. Since, however, the main object is to 
improve the existing way of doing things by effecting change, regard 
must be paid to the reactions of all employees of any status what- 
Soever who experience these effects. 

To be effective, work study must be integrated into the normal 
Process of management and must not be left to specialists alone; 
this is especially important since work study is not something which 
can be started and applied haphazardly; it should be continuous. 
In many progressive companies it is regarded as essential that 
all likely candidates for higher management spend a period of 
two or three years specializing in work study, so that they may appre- 
Ciate its values and recognize opportunities for its use. Also, where 
this is not possible, it is regarded as essential nowadays that managers 
should be given sufficient knowledge of work study to ensure that 
they have proper executive control over its application and a full 
appreciation of its potentialities. Readers of this book h 
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advantage that they have accepted this necessity. They will thus be 
in a good position to make use of the breadth and variety of the 
techniques outlined in Chapters 5 to 19. 

For the manager versed in work study and for the specialist him- 
self, there is the danger that having themselves accepted the need for 
change they may overlook that the majority of people have a natural 
Tesistance to it. Every person, whether manager, or employee, is to 
a greater or less extent interested in his own job. The fact that the 
job has been done in a certain way for what appear to have been 
good and sufficient reasons invests the existing method with a certain 
sanctity. Unless work study is properly applied, one must, therefore, 
expect to meet with considerable resistance at all levels in an organiza- 
tion. In other chapters it has been pointed out that at various 
important stages of method study and work measurement then, if at 
no other time, human reactions must be fully considered. But the 
firms who have most successfully applied work study are those who 
maintain a continuous watch over the human issues; whence the 


work study aphorism that the application of it is “ 10 рег cent tech- 
nical, 90 per cent psychological.” 


Trade Union Reactions 
The most highly Organized industries tend 


у to have the highest 
degree of trad i ; and since trade 


The Human Context of Work Study 23 


study can give their members by cutting out drudgery, frustration 
and unhealthy working conditions, by providing an opportunity for 
higher earnings, and indirectly by strengthening the economy of the 
company concerned and the nation as a whole. 

There are likely to be three points in particular upon which the 
unions will wish to be satisfied— 


1. That there should be adequate consultation before the intro- 
duction of any scheme which affects their members. 

2. That there should be a definite policy in respect of those 
people who might become redundant as a result of work study and 
incentive schemes. 

3. That the procedure for dealing with changes in the method of 
work and for the re-measuring of work should be clearly laid down 
and should not omit the necessary consultation. 


On the question of consultation there are two ways in which 
workers can be informed about the nature of work study and the 
purposes of the firm in introducing it. In addition to the formal 
negotiations which take place on those matters which are decided by 
Trade Unions and Employers’ Organizations as such, most firms 
have some kind of internal Council or Committee at which matters 
of concern to the staff and payroll come up for consideration. The 
opportunity should be taken for work study people to address these 
bodies and answer questions at an early stage. At the same time, 
useful work in support of this effort can be done by the employee 
newspaper or magazine and through any system of notice boards or 
information leaflets used for such general purposes. Work study 
films are available for showing to general audiences, and some firms 
have issued explanatory booklets for distribution among employees 
in advance of work study activities. No existing method of 
communication should be ignored. 

The question of a redundancy policy is one for the individual firm 
to decide. An important feature, however, of any redundancy policy 
must be that it is communicated promptly to all concerned, so that 
the adverse effects of rumours on the “ grape-vine ” are Кері toa 
minimum. As a background to any general explanation it may be 
Pointed out that redundancy does not normally arise— 


1. Where rising demand will absorb greater production, as has 
happened in firms where price reductions due to higher productive 
efficiency resulted in an increased demand for the product. 

2. Where a firm has a vigorous programme for the development 
of new products, so that workers redundant in one section may be 


employed in another. 
Ж 
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3. Where recruitment can be adjusted or excessive working 
hours reduced. This means taking on no new employees to replace 
those retiring from or leaving the section concerned. Alternatively 
recruitment may be stopped for some time before the chan ges are 
made so that the department or section is run down to the lower 
Strength that will be needed after the change. 


As far as changes of method are concerned, with their implications 
in respect of incentive payments, it will be obvious that so long as a 
tradition of full consultation and explanation has been created such 
difficulties should not occur; if they do occur they should be easily 
dealt with in an atmosphere of mutual confidence. 


Management Reactions 


Although there is no possibility of organized opposition on the part 
of management, the situation is essentially the same, since existing 
practices are to be changed. The assumption must be that men have 


сину is that when a work study 
plant or office, it sometimes for the 
agement role; so that the sitting 


rs are li tion is handled with tact, to feel 
that their position has been usurped. | 


Previously, or if available m 
The second difficulty will 
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the position of work study in the organization is that it is a tool of 
management in much the same way as mathematics is a tool of 
science. 

It is of the greatest importance that lower management—super- 
vision, by which is meant foremen and chargehands—should be put 
in possession of the fullest information. This management echelon 
is closest to the workers, and here is where the work study specialist 
can obtain the greatest degree of day-to-day co-operation and 
information as he pursues his task. Supervision is responsible for 
passing on to employees the details of what management requires to 
be done; for implementing to a great extent the programme of work 
on a monthly or weekly or daily basis; for output and quality of 
production and the proper utilization of labour and raw materials; 
for the necessary standards of safety; for the methods used to carry 
out the work; and for the training of new workers and the retraining 
of existing workers to new practices. Work study can result in con- 
siderable modifications both in the nature of these responsibilities 
and the way in which they are discharged. Hence any course or 
conference intended to introduce work study to supervision should 
concentrate on the following points— 


1. The economic necessity of reducing manufacturing costs 

2. The advantages of systematic method study over occasional 
and haphazard attempts at method improvement 

3. The advantages of measuring work rather than relying on 
labour requirements sanctioned by custom and established pos- 
sibly many years ago 

4. The fairness and advantages to the workers of additional pay- 
ment for additional work 

5. The basis of incentive schemes and the way in which the 


bonuses are worked out 


Quality of Work 

An argument sometimes raised against the introduction of work 
measurement, particularly when the results form the basis of an 
incentive scheme, is that it may have an adverse effect on the quality 
of the product or service provided. А А - 

There is, of course, no guarantee that quality will not decline if 
management and supervision do not keep a proper check on the 
maintenance of quality standards, and this applies whether work study 
is in force or not. In one leading British company, however, an 
independent committee of investigation found no evidence at all that 
the quality of work had suffered as a result of work measurement, or 


26 Work Study 


as a result of the subsequent introduction of incentive schemes 
covering 40,000 workers. 

In many cases quality is actually improved, since standard times 
are normally specified as being applicable only to а particular 
standard of quality; consequently, supervision retains the right to 
return or reject substandard work, and this may result in the loss of 
bonus earnings. In effect, the introduction of work-measured incen- 
tive schemes means that the foreman or supervisor is able to take a 
much more active part in ensuring that an agreed level of quality is 
maintained in all the work for which he is responsible. 


Individual Reactions to Work Study 


Behind the foregoing recommendations lies the experience of 
managers and work study specialists gained in actual application of 
the techniques both in industry and elsewhere. Their experience is 
backed up by knowledge of the nature of human beings derived from 
other fields. Both social and individual psychologists have some- 
thing to contribute to understanding of how people are likely to 
react to the impact of work study. 

One of the earliest social researches in industry was the famous 
Hawthorne project conducted by Elton Mayo at the Western Electric 
Company in Chicago. Since then, especially in Great Britain, a great 
deal of valuable work has been done, and there is by now a fairly 
general consensus of view, summed up by Professor E. Wight Bakke 
of Yale University. In answer to the general question: “ What are 
the goals to which a man works, and the fulfilment of which he may 


regard as successful living?" Professor Bakke summarized the fol- 
lowing points— 


(a) the society and respect of other people, 
(b) the degree of creature 

sessed by the most favoured 
(c) independence in and c 
(d) understandin 
(e) integrity. 


comforts and economic security pos- 
of his customary associates, 

ontrol over his own affairs, 

8 of the forces and factors at work in his world, 


that they go to work to 
dependent upon them. One common conclusion is that once the 
reasonable financial nee i 
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wage, wants security in that wage. The salaried worker, for whom a 
greater degree of job security exists, tends to go for increased status. 
Such points are worth remembering in considering the human con- 
text of work study; it will be useful if the five basic needs outlined 
above are considered in terms of how work study is likely to minister 
to them or leave them unsatisfied. 


The Society and Respect of Other People 


One of the bases of mutual respect in a working group is that there 
should be some balance of fairness in the distribution of work and 
responsibility and that each member should feel that the others attach 
some meaning and value to his job. Since this is one of the objectives 
of applying work study to the activities of teams, it provides a useful 
basis for explaining what it is proposed to do. 


The Degree of Creature Comforts and Economic Security Possessed 
by the Most Favoured of Customary Associates 


As explained later, incentive schemes based on work study 
demonstrate a clear link between extra effort and extra reward. 
Hence a man may feel that the creature comforts are within his 
capacity to obtain. On broader levels, one of the purposes of using 
work study to decide the initial manning of new plants is, to put it 
simply, to provide regular work. Hence properly organized working 
teams have security “built in.” 


Independence in and Control over his own Affairs 


Complete independence is not enjoyed by anybody at work and per- 
haps independence for the man at the bench is difficult to visualize, 
In practice it may be taken as training him to do a job, telling him 
exactly what is expected of him, and then letting him get on with it. 
Here the value of work study introducing a clear description of a 
job and the detailed duties involved in it should be stressed. Further- 
more, if a man knows what he has to do he will obviously have more 
Control over the way he does it; and where work measurement 
information about his performance is regularly obtained and pro- 
Vided for him, he has a clear indication of whether or no his per- 
formance is up to standard. Knowledge of results has been proved to 

* à great spur to better performance. 


Understanding of the Forces and Factors at Work in his World 


, Irrespective of any efforts a firm may make through works maga- 
21068 and other channels to convince employees of the national need 
9r higher productivity, it is obvious that such information will not 
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answer the individual worker’s curiosity about what is happening in 
his immediate environment. When somebody comes to look at his 
job and the way it is done, he naturally wants to know what is pro- 
posed and why, so that he can think about how it is going to affect 
him and discuss it with somebody who can give him the answers. 
If work study is properly conducted, these answers are available and, 
where possible, they are given in advance. 


Integrity 


The fact that work study enables a man to do “a fair day’s 
work for a fair day's pay " will certainly help him to feel that his 
working situation is fundamentally an honest one. The significance 
here of integrity, however, is in its meaning of " wholeness " and 
hence the work study specialist when he is being trained is continually 
urged to keep in mind " the whole man.” 


Reactions of the Group to Work Study 


But while the individual reaction is important, much of the fear 
and even opposition to productivity techniques in the past has 
been demonstrated by groups, organized or otherwise. Those respon- 
sible for introducing work study do well to remember that the work 
study specialist is a person from outside the working group which 
he studies and may therefore be regarded—until the appropriate 
explanations have been made—as a threat to the equilibrium of the 
group. From this it follows that, if the effect of work study is to 
break up or rearrange working groups, every effort must be made 
by patient, and perhaps even individual, consultation and detailed 
information to explain the reasons for the change and to gain accept- 
ance for it. 

Since people have been put to work together in groups, it is 
reasonable that they will assume first that what they have been told 
to do is what the management wants to be done. To the extent that 
they may have developed working habits of their own, they will 
feel that the present way of doing things is the one that suits every- 
body best. All bodies of people who live and work together for a 
long time develop common traditions and establish customs; but by 
its very nature work study is a challenge to tradition and custom, 
and seeks to replace for these aspects of work a closer discipline 
relating to the facts, 

When the facts are ascertained, they may be very different from 
what people believed was happening. Obvious inefficiencies, waste 
of time, material and effort, may become apparent which were not 
at all obvious before the study was made. Hence it is a principle of 
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work study that whatever emerges in the way of pointers to possible 
improvement must not be used as a means of reproaching those who 
have been doing their best with insufficient information. They should 
not be reproached with not having thought of the desirable changes; 
instead they should receive patient and clear exposition of why the 
changes are desirable. 

The points raised in this chapter should only be regarded as very 
general. The pioneers of scientific management, however much they 
may have differed in the practices they recommended, all agreed (see 
Chapter 1) that concern for the people involved was necessary if the 
improvements were to be really effective. 


-~ 
——————— 


Introducing Work Study 


THE chapter which follows sets out a general code of procedure 
relating to the introduction of work study in a hypothetical organiza- 
tion. The lines suggested are based on considerable experience but 
should not be regarded as rigidly fixed. So much depends upon the 
particular circumstances, in which there are so many variables— 
type and general * atmosphere ” of the industry, usual consultative 
machinery, the extent of union organization, personalities involved 
(management and men), etc.—that it would not be possible to lay 
down a comprehensive plan to deal with all eventualities. What 
follows should be regarded as “ points for guidance " to be adapted 
to suit the particular case. 

It is important to emphasize that it is the introduction of work 
study itself that is being considered and that this does not necessarily 
include the use of work study for financial incentive schemes. It is 
to be remembered that the use of work study techniques is a manage- 
ment function, whereas schemes of incentive payment lie in the field 
of negotiation between management and men. Particular problems 
of introducing financial incentive schemes based on work study are 
discussed on page 36. 

The steps to be taken in introducing work study fall into two 
Stages. First, there is making everyone aware of the management 5 
intentions and creating a favourable climate by education of members 
of management and indeed of selected men and their representatives. 

30 
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The second stage is the actual use of the work study techniques in 
various sections of the organization. It should be realized that 
introducing work study is a lengthy process and something like a 
year may elapse between the first stimulus and the first application. 

It is a prerequisite of success in the use of work study that support 
be forthcoming from the highest authority in an organization. In an 
industrial company this will usually be the board of directors. If such 


Support is not forthcoming then the introduction of work study 
should be deferred until it is. 


Once support from the board is 
person to be directl 
locality, say the мог! 


assured, it is likely that the next 
y concerned will be the senior official in one 
ks manager of the factory where it is Proposed 
to introduce work study. It is essential for success that he becomes 
emotionally as well as intellectually convinced and determined on 
action—lip service is not enough andis unfortunately far too common. 
This can only be assured by a sound appreciation of the subject 
sufficient for executive control; to achieve this, attendance at a well- 
Tun management appreciation course has now been proved almost 
imperative, It is desirable that the official should meet others of like 


Status and so realize the basic similarity of their mutual problems: 
change of Surroundings and mental е 


nvironment is beneficial. No 
amount of reading and informal discussion can imbue the under- 
Standing necessary. 


Such courses are run by various org 
or may be run internally if the organizati 
large, Experience indicates that they sh 
Week's duration—two weeks have been 
еуеп for the most able. Great care must 
Course is of high quality. 

It is stressed that only trouble, difficulties and a distorted picture 
9f what work study can achieve are inevitable if the education of 
the works manager is inadequate. Indeed, this applies to all members 
of middle management who can, directly or indirectly, influence its 
Application. It should be remembered always that common sense, 
Sven the organized variety described as work study, has always been 
the hardest Subject to teach because all think they are unusually 

lessed with this infinitely varying virtue. 


anizations serving industry 
on in question is sufficiently 
ould be of not less than one 
proved distinctly desirable, 
be taken to ensure that the 


Middle Management and Supervision 
The Works manager should inform his middle management and 
Supervisio, e 


D, to whatever level is thought appropriate, of the intention 
9 introduce work 


ihe study, giving then a broad outline and informing 
™ that they will be receiving further information and training in 
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due course. Much depends on the works manager’s handling of this 
phase, as here he must build up the confidence of his management 
team and imbue them with a spirit of enthusiasm for work study. In 
particular, he should emphasize that if there are changes and im- 
provements, none of these is going to be used as criticism of the 
existing or past activities of managers. This " по recriminations ” 


policy is vital to the morale and confidence of middle management 
and supervision. 


Union Officials and Members 


The fact of management's growing interest and possible intentions 
to introduce work study into a factory should be discussed with the 
local trade unions as early as possible. It has been proved beyond 
question that everything is to be gained by so doing; a lot may 
indeed be lost by postponing this action. It is suggested the mechan- 
ism might be an informal meeting of local union officials called by 
the works manager or appropriate official, with those of his own 
staff immediately concerned in attendance. The desirability of 
keeping these discussions informal at this stage cannot be over- 
emphasized. It should be made clear that no commitment will be 
asked for or given, but that the meeting is a clear and practical 
demonstration that the works manager intends to consult with the 
unions at all stages as further facts are established and progress is 


tes are not yet known and 
ed and it may, therefore, be 
make demonstrable progress. 
eting should not be convened 
ture of the labour problems 
mework of a policy which will 


eventualities cannot be 
оед, but should be far-sighted enough to avoid the danger of 
ШОП ie үа and “ case law ” due to inconsistent inter- 
ton. One major point concerns redunda: i n 
i nc olicy о 
this should be abundantly clear beach ae 


important that th 


As a preliminary to i : 
t 1 
people of the cuba teo. notices throughout the works to tel 


CS nent's intention to introduce work study, al 
р stewards and/or joint consultation representatives likely to be 
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concerned should be given clear and practical help in order to gain 
understanding. This can be done as appropriate either by the works 
manager at a meeting or meetings, or by providing facilities for the 
local trade union officials to tell their shop stewards. The growing 
knowledge of proper work study in the trade unions is becoming a 
useful influence in explaining what work study is and allaying 
almost inevitable misgivings. Much, of course, will depend on the 
degree of confidence already existing between management and шеп. 

At this stage, when middle management, supervision, local trade 
union officials, joint consultation representatives and/or shop stew- 
ards have been informed, the works manager should post notices 
stating the management's intentions and explaining what is likely to 
happen and when. In addition he should encourage middle manage- 
ment and supervision to discuss the subject with their work-people. 


Timing of Announcements 

It is vitally important to do all that is possible to build trust and 
confidence throughout the organization. This can only come 
through conviction that work study will bring benefits to all. It is 
unwise to underestimate the possible efforts of the ill-intentioned to 
use such an opportunity for their own ends. Careful timing and 
demonstrably honest explanation by the works manager In his 
Various announcements can do much to prevent any such efforts to 
retard well-directed progress. 

It is suggested that middle management, supervision, the local trade 
union officials, shop stewards and work-people be all informed on 
the same day and preferably in the same working period—the after- 
noon. The programme might be— 
Officially inform middle management at a 


meeting 
3—4 p.m. Inform local tra 
4—4.30 p.m. Inform shop stewa 
representatives 
4.30 p.m. | Post notices throughout the works 
nd difficult schedule, but the resultant 
ks being told officially is well worth a 


2—3 p.m. 


de union officials at a meeting 
rds and/or joint consultation 


This may represent a tight a 
effect of everyone in the wor 
great deal of trouble. 


Work Study Staff 

Once the management's intentions have been made known 
arrangements can be made to recruit or acquire the work study staff 
Considered necessary to implement the programme visualized. 
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It is not desirable to appoint work study staff or to have them in 
the works until management’s intentions have been made known 
by the means suggested in the previous paragraphs; all sorts of 
misunderstandings could arise among both management and men if 
work study people joined the works without there having been a clear 
statement of their function. The period for acquiring and training 
work study staff may cover several months during which time the 
educational activities mentioned in the next section can be proceeding. 


Introduction into a Section of a Works 


The Local Managers and Engineers 


Enthusiasm and confidence must be passed down the line and 
this is the works manager’s responsibility. This is aided first by the 
preliminary discussions mentioned above, and then by having all 
middle management who can influence the application of work 
study given an appreciation course in the subject. Such courses 
should last at least a week (preferably up to a fortnight) if the 
purpose is to be achieved. It is highly desirable that they should 
take place in some centre geographically removed from the members’ 
normal place of activity. The course must be continuous; “ one day 
a week ” has proved to be of limited value. It is again emphasized 
that this education of middle management is essential to the smooth 
introduction of work study. Only resentment can be expected if the 
subject is introduced over the heads of the middle management. 


The Foremen 


Chargehands 

‚ Again, success vill be jeopardized if chargehands are not fully 
informed of what is intended and what their responsibilities will be 
during and after the 


Fei application. It is Strongly recommended that 
ull-time courses of a week’s duration should be provided here also. 


Shop Stewards 


The time spent on giving adequate appreciation of work study to 
selected shop stewards will be well spent and it is recommended this 
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be done if possible. Experience has proved that a full-time one 
= 5 course is desirable, quite apart from any courses they may 

ave attended organized by their trade union. The local course 
would be very much directed towards local problems and the parti- 
cular characteristics of how work study is applied. 


Consultation 


When middle management and supervision have been educated to 
the desired level by courses and discussions, the work study officers 
are ready to proceed. At this stage the manager in charge should 
call the men in the section together and give them details of the 
Proposed programme. Together with the work study officer and the 
labour Officer, if one is employed, he should answer queries raised 
by the men. It is important that the manager should convince the 
men of the impartiality of work study, and the equity of the tech- 
niques, particularly work measurement. If, for example, stop-watch 
timing is to be used, care should be taken to explain the reasons for 
its use, and to outline the basic procedures. No matter how thor- 
Oughly information has been given to trade union officials and shop 
stewards, it is unwise to assume that the men have been fully and 


Properly briefed. 


Work Study Officers 


It goes without saying that work study 
their job with understanding and tact and m 
а close liaison with the labour officer. . 

The first approach to operators who are to be studied should be 
made in the company of the foreman, and a general spirit of co- 
Operation and consultation engendered. It is an important quality 
of a good work study officer that he can gain and build up the confi- 
dence of the men so that they trust him. At the same time it is 
Important that the work study officer should at all times act through 
middle management and supervision, and do nothing likely to 
detract in any way from their authority. 


officers must approach 
ust at all times maintain 


Implementation of Work Study Proposals 

ork study officer will most likely 

These must be submitted to the 

24) and, if accepted, must be 
It is extremely important at 

ding stages, that no manage- 

feel that his past efforts 


As a result of his work, the w 
Wish to make certain proposals. 
Management concerned (see page 
implemented by that management. 
this stage, indeed throughout the prece 
Ment representative should have cause to 
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have been shown to be inadequate. There are usually many valid 
reasons for the improvements suggested by work study specialists, 
not the least of which is that when the analytical and quantitative 
techniques of work study are concentrated on local problems it is 
easier to see where inefficiencies exist and to decide how they should 
be rectified. 

Proper education of those concerned, already discussed, goes a 
long way towards avoiding misunderstandings. However, the 
Positive “ no recriminations ” assurance by top management at the 
outset must be clearly borne out in practice. The implementation 
of proposals should present no difficulties, as the manager will 
have been a party to them and have submitted them jointly with the 
work study officer. For this reason also he should have little reason 
to expect criticism of his past efforts, 

Once the proposals have been Officially accepted, middle manage- 
ment should set in motion the normal procedure for communicating 
decisions, e.g. by representative meetings of the workers with the 
foremen, chargehands, shop stewards, labour officer and work study 


officer. The work study officer should act as adviser at such meetings, 
and help to answer queries raised. 


Financial Incentive Schemes 


| The subject of financial incentive sc 


llective bargaini 


The Subject is likely to have been discussed 
Studies are being carried out and when t 
formal Negotiations take place, 

It is recommended th: 


informally when the 
hese have been finalized the 


€ explained by the manager, 
» calling on his assistants, 
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union oflicials and the men should then have an opportunity to 
discuss the proposals in private. Further discussions on points of 
clarification may be called for with management before the men can 
make their decision. 

If the scheme is agreed or a trial is accepted, a commencing date 
should be arranged, and it should be intimated that the work study 
staff will be on call to assist all concerned in making it a success. In 
particular, it is often useful for the work study officer to assist the 
foremen in helping the men to work to the proper method and to 
eliminate ineffective time. If there has been a trial period a meeting 
should be arranged to take place towards the end of the period, in 
order to thrash out difficulties and to reach agreement that the 
incentive scheme is to continue as a permanent feature. 


Maintenance of Work Study Application 

Once a new method or an incentive scheme has been installed, it 
is clearly a management function to ensure that it continues to be 
operated in a satisfactory manner. However, the work study officer 
can continue to be of service and indeed should make it his business 
to check progress periodically with management. "n 

The key to success in the maintenance of work study application 
is control of methods. During the introduction of the scheme, the 
Operators must be carefully trained to use the correct method. In 


Some types of work, minor variations in method can creep in un- 


detected, with a significant cumulative effect over months or years. 
The results may reduce operational efficiency, or cause an unbalance 
of the relation between operator effort and financial reward. b 
methods changes should be identified as quickly as possible, an 
action taken. Appropriate action may be training or се al 
тау be the changing of the official operating method to take аду 


ній of a genuine methods improvement dx Шала ERED 
n the la A appropriate to giv Я 
he latter case, it may Бе approp Ға formal suggestion 


Teward to the operator; for example, by means 0 
Scheme, | | 
Where an incentive scheme is already in operation a change 4 
method may result in a reduction of earning potential (if en 
Output is not wanted at that particular time) as the D > ЖЫ : 
to be performed per unit of output may have been re ro 1 à 
downward revision of work values involves possibly the mest 
difficult of all negotiations. This emphasizes the importano а 
taking action as soon as possible after the methods change. e 
ong time is allowed to elapse before revision, a apum a 
much more difficult. There may be new operators on the job who 
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have not known the original method and this emphasizes the 
great importance of the proper documentation of the incentive 
scheme. In any event operators may feel justified in having regarded 
management’s earlier inaction as evidence that the methods change 
was insignificant. The men’s confidence in management's integrity 
in the use of work study will suffer if it appears that the techniques 
are not being used regularly, consistently and honestly. One means 
of overcoming the problem of continuing small revision of values 
due to slight changes of method might be to put a notice on the plant 
that the change has been made but it is not intended to alter the 
value until a number of changes have accumulated. 

In watching for methods changes, middle management’s most 
useful source of information is likely to be the foreman, whose 
training in work study should have developed his methods-conscious- 
ness. Much useful information can come from the labour perform- 
ance indices, particularly in jobs with little or no limit to the work 
available. The work study officer can give valuable assistance to 
management in respect of methods changes; and it is useful if it can 
be agreed that the work study officer should check at regular intervals 
that the standard methods are, in fact, being used. Great care must 
be taken to avoid any suggestion that the work study officer is 
usurping management’s function. In fact, it must be made clear at 
all times that the final decision lies with management. The formalities 
of their relationship depend on the particular organization, but the 
personal aspects of the relationship are far more important. There 
must be tact and consideration, based on a genuine understanding 
of each other’s problems. It is this spirit of co-operation between 
management and work study functions at all levels which, combined 
with the confidence of the work-people, paves the way to long-term 
Success in work study application and maintenance, 


Method Study: Introduction 


ОН сойган of ‘method study as applying only to light repetitive 
өлені 14 scant justice to its potentialities. It can, in fact, be applied 
Fu an since any process or procedure is open to improvement. 
tion ( amentally, method study involves the breakdown of an opera- 
ШАГА procedure) into its component elements and their subse- 
se Systematic analysis. Thence, those elements which cannot 
Man tand the tests of interrogation are eliminated or improved. In 
Rica ying method study the governing considerations are economy of 
роп and the maintenance of accepted good practice as laid 
in by management (e.g. safety and quality standards). 
of ie out a method study investigation, the right attitude 
es ind is as important as a knowledge of the techniques. It is 
sential that anyone responsible for method study should possess— 


1. The desire and the determinati 
2. The ability to produce results 
3. An understanding of the hum 


2m considering the desirability 
a particular job, it is essential to k 


on to produce results 


an factors involved 


of method study investigation 
cep certain factors in mind— 


1. Economic considerations 
2. Technical considerations 


3. Human reactions 
39 


40 Work Study 


Economic considerations will be paramount at all stages, since it 
is obviously a waste of time to embark upon, or to continue, an 
elaborate investigation if the economic importance of the subject is 
slight. Technical considerations will normally be self-evident. 
Human reactions, on the other hand, will usually be the most 
unpredictable factor, involving as they do mental and emotional 
reaction to investigation and to subsequent changes in method. 
Knowledge of local personnel, however, and experience of local 
conditions should help to resolve these problems (see Chapters 3 
and 8). 

By approaching method study analytically, a basic procedure has 
been evolved. This follows the select-record-examine-develop-install- 
maintain sequence set out in Fig. 5.1, and represents the six essential 
stages in the application of method study. None of these stages can 
be omitted, and strict adherence to their sequence as well as to their 
content is essential to the success of an investigation. 

It is necessary to guard against being deceived by the simplicity of 
this procedure into thinking that method study is easy and therefore 
is unimportant. On the contrary, method study can sometimes be 
extremely complex and it calls for considerable skill and know- 
ledge on the part of the work study officer who is making the 
investigation. 

The merit of the basic procedure is that, whatever the size and 
nature of the problem, it can be approached and dealt with on a 
common pattern. 

The record step in the procedure justifies special mention: the 
degree of accuracy achieved in recording what is taking place on the 
job determines the success of the whole procedure, because the 
records provide the subsequent basis of both the critical examination 
and the development of the improved method. 

The recording techniques employed vary according to the nature of 
the activity that is being studied, the principal types used being 
charts, diagrams and models (more than one type may be necessary 
adequately to portray some activities). Photographic aids are also 
sometimes used. 

Charts are used primarily for sequence and time records, The 
former are known as process charts in which use is made of symbols, 
not only to speed up the work of investigation but also to enable the 
overall picture of a situation to be obtained much more quickly than 
would be possible from an equally detailed written description. 
Time records are frequently of the " bar chart " type. 

A diagram or model of a plant layout or of а work-place may be 
prepared as a space record of the path of movement of men, materials 
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or equipment (or, for fine detail studies, workers’ body movements) 
in relation to their surroundings. 

The more detailed recording techniques call for appreciable time 
and effort on the part of the work study officer, and they should 
_ only be embarked upon when the return expected shows them to be 
justified. 

With a detailed record of a particular task available, it becomes 
possible to apply what is really the heart of the method study pro- 
cedure: the critical examination. This takes the form of a systematic 
analysis of the purpose, place, sequence, person and means involved 
at every stage of the operation, satisfactory answers being required in 
turn to each of the following questions— 


(і) (а) What (is achieved)? | (Б) Why (is it necessary)? 
(ii) (а) Where | (із й done)? (b) Why (there)? 
(iii) (а) When (is it done)? (b) Why (then)? 

(iv) (а) By whom (is it done)? (b) Why (that person)? 
(v) (a) How (is it done)? (b) Why (that way)? 


A satisfactory answer to the query “ why?” leads in each case to 
consideration of alternatives which might also be acceptable, and 
finally to a decision having to be made as to which, if any, of these 
alternatives should apply. For instance, the apparent necessity for 
an activity taking place in a particular location having been satis- 
factorily established, line (ii) above would be developed to consider 
in turn (с) where else could it be done?; and finally, (4) where else 


Should it be done? rate f 
At any stage at which a practice cannot be justified in the light of 
this examination, it is either eliminated altogether from the job or 
superseded by one which can. 
Conducting the critical examina 
method are processes in which the wor 
use of the specialist advice available, 
Organization. . 
In this way methods will be adopted in which there сай ps 
complete assurance that they are not only economically soun а 
technically correct, but are based on sound physiological an 
Psychological principles, and, above all, make a positive contribution 
to the value of the product or service provided. " 
In subsequent sections, the preceding outline of method study is 
filled in in detail. Students are advised, however, to commit to 
memory the “ six essential stages ” and the basic questions of the 
" critical examination " stage, and apply them to the actual business 


tion and developing the new 
k study officer will make full 
both inside and outside his 
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of study, or to other forms of work in which they may be 
involved in everyday life. 


Method Study Objectives 


The first step in work study procedure should be the carrying out 
of a method study of the work under consideration. Method study 
is the systematic recording, analysis and critical examination of the 
methods and movements involved in the performance of existing or 
proposed ways of doing work, as a means of developing easier and 
more productive methods. The general procedure is shown in Fig. 
5.1. During this procedure, work measurement will frequently have 
to be used as a means of helping to get at the facts. 

Method study is essentially concerned with finding better ways of 
doing things, and it contributes to improved efficiency by getting rid 
of unnecessary work, avoidable delays, and other forms of waste. 
This it achieves through— 


1. Improved layout and design of factory, plant and work-place 
2. Improved working procedures 


3. Improved use of material, plant and equipment, and man- 
power 


4. Improved working environment 
5. Improved design or specification of the end product 
The techniques of method study aim at doing three things— 
1. To reveal and analyse the true facts concerning the situation 
2. To examine those facts critically 


3. To develop from the examination of the facts the best answer 
possible under the circumstances 


There 18 the example of the canteen which, because of regulations 
made In pre-refrigerator days, prepared none of the food overnight, 
With the result that an unnecessarily large staff had to be used to cope 
with the midday rush; there are many examples of unit loads retained 
at the Size designed to suit manhandling, even though mechanical 
equipment capable of handling many times the load has been 
adopted, and other constantly recurring instances where traditional 
habits have become outdated. 

Basic Procedure 


Much of the value of method study i ibiti itl 
Н : y is due to the flexibitity with 
which the techniques may be used in so many different situations. 


METHOD 
STUDY 


to improve methods 
of production 


k which сап be studied with economic advantage” 
. 


Define scope of study 
for 
— 
rkplace. 


uy 
" ГІ 
Pia. БЖ Two-handed Process x 
ETE 22 (ml 
Multiple Activity Simo 
Flow diagrams Cyclegraphs 
String diagrams chrono-cyctegraph | (OTHER MEANS] 


Models Photographs 


[Examine тив Facts сатма | 


CHALLENGE PURPOSE - Eliminate 
PLACE 

SEQUENCE 
PERSON 
MEANS - Simplify 


SEEK ALTERNATIVES Combine or change 


FIND POINTERS 


a record of an improved method 
s 
RE-EXAMINE 
that record to establish 


Mechanical aids 


‘Manual controls and 


Planning and control 
visual instruments 


Materials handting в 
Gen the best method under prevailing circumstances 
E че et Бөртені design 
ng conditions DEFINE Jigs and fixtures 
қ este Local working 
yout - cauipment = material م‎ 


process or procedure - la 
= quality = instruction - working conditions 


the improved method 
plan - arrange - implemi 


iat the improved method as d 


Plant layout 


ent 


елей із in fact in use 


Verify at regular intervala th 


to achieve 
Improved factory and 
workplace lay 


Improved design of equipment 
Better working conditions 
Reduction of fatigue 
resulting in improved used of 
Material 
Plant and equipment 
Manpower 


HIGH PRODUCTIVITY 


Fic. 5.1. Метнор Stupy: GENERAL PROCEDURE 


44 Work Study 


There is, however, a simple framework for their application in any 
circumstances— 
Select—the work to be studied. 
Record—all the relevant facts of the present (or proposed) 
method. 
Examine—those facts critically and in sequence. 
Develop—the most practical, economic and effective method, 
having due regard to all contingent circumstances. 
Install—that method as standard practice. 
Maintain—that standard practice by regular routine checks. 


The Function of Method Study 


Method study does not replace the ability to make the best use of 
available information, the inventive genius or the organizing ability 
necessary to develop new methods. What the analytical approach of 
method study does, by its carefully planned sequence of analysis, is 
to show where change is likely to be most effective by highlighting 
unnecessary activities and showing where improvements are possible. 
Inthis way thoughts are directed into channels likely to be profitable, 
and any inherent flair for improvements the members of the work 
study team may possess stands the best chance of finding full expres- 
sion. Thus, method study enables the ordinary man to improve 
methods and at the same time avoid the dangers of taking “ short 
cuts.” It must, however, always be remembered that success will 
very much depend on avoiding any suggestion of censure of past 
methods and those responsible for them. In any case, the very basis 


of success is the knowledge obtained from others while following 
out the formal procedures laid down. 


ж 
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n hs the usual basis for the selection of operations, sections or 
files ee likely to benefit from method study. It should never- 
obvios e remembered that it is not necessarily the work with the 
followin, faults that offers the most valuable improvements. The 
likel ing defects in an organization indicate where method study is 
ely to bring worthwhile savings— 
__ 1. Poor use of materials, labour or тас 
in high scrap and re-processing costs 
2. Bad layout or operation planning, 
movement of materials 
3. Existence of bottlenecks 
4. Inconsistencies in quality 
5. Highly fatiguing work 
6. Excessive overtime 
7. Employees's complaints a 
reasons 


hine capacity, resulting 


resulting in unnecessary 


bout their work without logical 


s likely to achieve the following 


The question is whether a change i 
f the study worth while— 


results sufficiently to make the cost o 
Increase production and reduce costs 

Maintain it with less labour, materials or equipment 
Improve quality without additional labour or equipment 
Improve safety conditions 
Improve standards of cleanliness and housckeeping 
Reduce scrap 


AnNAwWNe 
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When all these matters have been weighed up in the light of the 
economic importance of a task and its expected life, the manager 
should be able to select the work he is going to have investigated. 
He should also be able to list the objectives for study in order of 
priority or importance, although the danger of going too far and 
carrying the study to uneconomic limits must be avoided. Both in 
selecting objectives on the larger scale (e.g. a whole company or plant) 
and in choosing the economically appropriate methods, the mathe- 
matical techniques grouped under the heading of “ operations 
research " or “ operational analysis " are used hand in hand with 
method study. 

Since the study to be carried out affects the work not only of 
managers, but also of supervisors and employees, the need for full 
consultation and explanation should be borne in mind at this 
stage (see Chapter 3). 


'The Need for Records 


In order that the activities selected for investigation may be visual- 
ized in their entirety, with a view to improving them by subsequent 
critical analysis, it is essential to have some means of placing on 
record all the necessary facts of the existing method. A record is also 
essential if a “ before and after ” comparison is to be made to assess 
the effectiveness of the investigation and the subsequent installation 
of the new method. 

The techniques listed below have been designed to simplify and 
standardize this work. It will later be shown that these techniques 
differ not only in the type of information they can be used to record, 
but also in the degree of detail they are capable of recording. The 
principle is to use the simplest and most economical technique which 
will serve the purpose and at the same time is capable of producing 
full and accurate records of procedures in the method under review. 
These records will need inspection on the highest level of manage- 
ment available. 


Recording Techniques 


According to the nature of the job being studied, and the purpose 
for which the record is required, the technique chosen will fall into 
one or other of the following categories— 

1 Charts (for process and time records) 
2. Diagrams and models (for path of movement records) 


The manner in which the a i i ied is 
mann propriate techniques are applie 
described in the subsequent sections of this and following chapters- 
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Sometimes more than one technique may have to be used to provide 
all the necessary information. This information may be obtained 
by visual observation, by calculation, or by means of a photographic 
technique. In the case of very detailed (micromotion) studies 
elaborate equipment and specialized knowledge may be necessary. ” 
The following аге the most generally used techniques, by means 
of one or more of which every normal type of activity can be recorded 
in the appropriate degree of detail required— 
Charts 
Outline process chart — principal operations and inspec- 
tions. 
— activities of men, material or 
equipment. 
t — activities ofa worker'stwo hands. 
activities of men and/or machines 
on a common time scale. 
activities of a worker's hands, 
legs, and other body movements 
on a common time scale. 


| Flow process chart 


Two-handed process chart 
Multiple activity chart — 


Simultaneous motion = 
cycle (simo) chart 


| Diagrams and models 
Flow and string diagrams — paths of movement of men, 
materials or equipment. 

Two- and three- — layout of work-place or plant. 
dimensional models 
Cyclegraphs and chrono- — 
cyclegraphs 


Process Chart Construction P 
The construction and interpretation of process charts are simplified 
by the use of two or more of the following symbols" which divide the 


task selected into five functions; all activities can be so divided— 
Predominant result 


high speed, short-cycle opera- 
tions. 


Symbol Activity 
С) OPERATION Produces, accomplishes, furthers 
the process. 
D» TRANSPORT Travels 
V STORAGE Holds, keeps or retains 
[D DELAY Interferes or delays 
L] INSPECTION Verifies quantity and/or quality 


1 As recommended by the American Society of Mechanical Engineers. In the 
Original symbols introduced by Gilbreth, from which these developed, the distinc- 
ion is also drawn between inspection for quality and inspection for quantity. 


З.С. 
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In the case of outline and flow process charts, these symbols are used 
to represent steps in the procedure or manufacturing process. In 
two-handed process charts they represent the elements of the work 
cycle. 

When the investigation warrants it, the operation activity can fre- 
quently be subjected to more detailed analysis, and a distinction 
made between make ready, put away and do operations in the follow- 
ing manner— 


(a) “Make ready " апа “ put away ” operations. These are con- 
cerned with the preparation of material, plant or equipment, to 
enable do operations or inspections to be performed, and with the 
placing aside or clearing up after the do operation or inspection. 

(b) “Do” operations. These represent the actual performance 
of work on the material or work with plant and equipment, and 


they result in a change in the properties or characteristics of the 
material. 


To emphasize the classification, the do operation symbols on the 
chart can be shaded to facilitate subsequent examination in order of 
their importance to the overall process. 


Time Chart Construction 


Time charts are of the bar type, where shading is used on a time 
scale to represent the activities in two or more synchronizing work 
cycles. As used in method study, these are called multiple activity 
charts. More elaborate types, used in planning, are often termed 
Gantt charts after their originator. It is possible merely to indicate 
periods of work and idleness by shading a bar or leaving it blank, 
and this may be found sufficient for many purposes. For subsequent 
analysis, however, it is sometimes convenient to be able to distin- 
guish between the nature of the activities recorded, in which case 
various colours or shadings can be used to make certain features 


stand out, e.g. different types of activity and inactivity, team working, 
and so on. 


Basic Information 


Whatever type of chart or diagram is prepared, great care should 
be taken to ensure that the information it portrays is easily under- 


stood and recognized. The following information should always Dê 
provided— 


1. An adequate description of all the activities or movements 
entailed in the method. 


2. Whether the present or proposed method is shown. 
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3. The specific reference to where activities begin and end. 
4. The time and distance scales used, where applicable. 

5. An explanation of any abbreviations or special devices. 
6. The date of construction of the chart or diagram. 


Micromotion Studies 

Two-handed process charts, simo charts, cyclegraphs and chrono- 
cyclegraphs are used for the study of operations at the work-place. 
The last three of these are the main techniques of what is known as 
micromotion analysis, which is concerned with the most detailed 


aspects of methods improvement. 
Micromotion analysis is expensive to conduct, and should be 


undertaken, if it appears economically justifiable, only after large- 
scale improvements have been fully investigated as a result of using 
the other recording techniques listed. 


Outline Process Charts 

The outline process chart gives an overall view of a process, from 
which it can be decided whether a further and more detailed record 
is needed. It is a graphic representation of the points at which 
materials are introduced into a process, and of the sequence of all 
Operations and inspections associated with the process. 

The chart does not show where work takes place, or who performs 
it, and since it is concerned only with operations and inspections, 
only two of the five recording symbols are used. — 

In the design stage, where it is increasingly the practice to use work 
Study, outline process charts are often used to assist in the layout of 
Plant, and in the design of the product or of the machinery for 
making that product. The charts can be made to record the basic 
data, which can then be subjected to the complete method study 
Procedure while still on the drawing board. Features in the design 
of a product which are wasteful of material or labour can often be 
eliminated, and it is frequently the case that expensive equipment, 
Which otherwise might have been bought, proves unnecessary 1n the 


ght of the investigation. 


Construction of the Chart 


As a preliminary it must be deci 
to be recorded, and consistency mus 
As shown in Fig. 6.1, a start is made 
the entry of the main material or compone 
à description of the component, and below th 


ded in what detail operations are 
t be shown throughout the chart. 
by drawing an arrow to show 
nt, writing above the line 
e line a description of 


COMPONENT *Х” 


ENTRY OF (with size 
MATERIAL or condition) 


Time 


NUMBERING 


COMBINED SYMBOLS 


Description 


" 


- 


Fic. 61. SIMPLE OUTLINE Process CHART 


SUBSIDIARY 'B' SUBSIDIARY 'A' MAIN 


DESCRIPTION DESCRIPTION 


NEW SIZE OR 
CONDITION 


Fic. 6.2. OUTLINE Process CHART, SHOWING SUBSIDIARY PROCESSES 
50 


COMPONENT 'X' 


DESCRIPTION 


" 
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its condition. As each operation or inspection takes place, the symbol 
which is appropriate is entered and numbered in sequence, witha brief 
description to the right, and, if required, a note of the time taken on 
the left. Where an operation and an inspection take place simul- 
taneously the symbols will be combined. 

_ Fig. 6.2 shows how a final product is assembled from-several sub- 
sidiary components or materials, which join the major process during 


COMPONENT 'X* 


DESCRIPTION 


REJECTS FOR 
REPROCESSING 


Fic. 6.3. OUTLINE Process CHART, SHOWING DIVISION OF PROCESS 


its progress, The major process is charted towards the right-hand 


Side of the chart, and subsidiary processes are charted to its left. 
hese subsidiary processes are joined to each other and to the main 
materials or sub-assemblies. 


trunk at the place of entry of the о 

Operations and inspections are numbered in the normal way com- 
mencing with the major process and continuing until a point of entry 
Of а subsidiary process is reached. The sequence of numbering is then 
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continued from the start of the subsidiary process, and proceeds 

down that subsidiary process, and the main trunk if necessary, until 

the next point of entry of a subsidiary process and then repeated. 
Where the shape, size or nature of a material being processed is 


Fic. 6.4. SYMBOLS SHOWING DUPLICATED OPERATION 


Fic. 6.5. SYMBOLS SHOWING DISMANTLING AND REASSEMBLY 


so changed that its handling properties from then on are altered, the 
change is shown on the chart by breaking the chart line and inserting 
a brief legend describing the changed nature of the material. 
Similarly, when an operation divides a material into several parts; 
which from then on receive separate treatment, the main trunk is 
divided into the appropriate number of branches, as shown in Fi 
6.3. The right-hand branch will normally represent the major flow 
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and other flows will be drawn successively toward the left of the chart 
in order of importance. The way of dealing with repeat operations 
and rejects is also shown. If required, the proportion of original 
material in each branch may be shown above the branch. 

When it is necessary, in order to balance the flow of work, to carry 
out the same operation at more than one place, or by more than one 
worker, the chart can be split into two or more paths, each of which 
represents a duplication of the operation, as shown in Fig. 6.4. This 
can be done to show that some material may follow alternative but 
complementary routes during a process. 

When simultaneous operations have to be carried out on the main 
part of a unit and an assembled component, a partial dismantling 
may sometimes be unavoidable. In the example in Fig. 6.5, a dis- 
mantling operation has occurred after the first operation. One 
operation has then been carried out on the main assembly and another 
on the dismantled portion. The two parts have then been reassembled. 


Summary 
When the chart is complete it must be summarized. Operations 
are totalled, and also inspections— 


Operations . 5 Р š 6 52 
Inspections . D . « ¥ 
Total time (min and ве) . и 


The chart is now ready for the examine and develop stages of the 


basic procedure, described in Chapters 7 and 8. 


Example 


The example shows an outline process chart (Fig. 6.6) used to 
record manufacture of а rocker arm. A diagram of the arm (Fig. 6.7) 
and a written description of the procedure shown on the chart are 


also given, 


The drawing shows the rocker assembly 
9f an oil engine, It consists of a drop forging, a phosphor bronze 
ush, a hardened steel tappet, an adjusting screw anda locknut. | 

he rocker itself is made from steel bar of rectangular section 1} in. 
X in. The first operation is to punch the drop forging blank ДЕР 
Ü-ton press, The blank is then heated in а muffle furnace to 950° C, 
and formed in one operation on а 1-ton drop forge. The spoil is 
trimmed off in a blanking press, and the forging passes to the inspec- 
Чоп section, where it is electrically tested for flaws and cracks. It is 


°п routed to the drilling section where it is mounted in a drilling 


for the valve mechanism 
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OUTLINE PROCESS CHART 

Task: Manufacture and assembly of rocker arm (present 
method) 

Chart begins: Raw material for each component 

Chart ends: Completed assembly inspected 


DJUSTING 
TAPPET BUSH б Screw | LOCKNUT ROCKER 
CASE HARD PHOSPHOR CASE HARD MILD P.G.O, 
STEEL BRONZE STEEL STEEL 


INSPECT 


DRILL. 
2 HOLES 
REAM 


-ASSEMBLE 


ASSEMBLE 


SUMMARY б OPERATIONS 39 


Fic. 6.6. SPECIMEN OUTLINE Process CHART 


ASSEMBLE 
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fixture, the boss is drilled, the cheeks are faced using a counterbore, 
and the rocker bearing is reamed. A multi-spindle drilling machine 
is used for this operation. The machined forgings are inspected 


LOCKNUT 2 


STEEL TAPPET 5 


PHOSPHOR BRONZE BUSH 4 ADJUSTING SCREW 3 


FORGED STEEL ROCKER 1 


Fic. 6.7. Rocker ARM (ASSEMBLY SHOWN IN Fic. 6.6) 


before the second drilling operation is carried out. For this the tore: 
ing is mounted in another drilling fixture which locates in the rocker 
bearing, and the two holes at the ends of the rocker are drilled. One 
ole is reamed to size, the other being tapped 3 in. B.S.F. The opera- 
tion of “ drill two holes, ream one, tap опе” is also carried ч оп 
а multi-spindle machine. The forging is then passed to the ра 
Section where the two flats are milled on a vertical milling mac де; 
The completed rocker is routed to the inspection M ede 
Where a final inspection is carried out. It then proceeds to the finishe 
Part stores to await an assembly order. Р | 
The hardened steel tappet is made from case-hardening steel s 
"in. square bright bar stock. The machining GB ad p e 
and part off” is carried out оп а capstan lathe. The hea i vA a 
On à grinding machine, using a special fixture, айе ЗО to be 
Inspected and passed to the heat treatment section for om ds. 
case-hardened. The head is then buffed and a final inspectr T 


he part is then dispatched to the finished part stores. | 
he bush is sudo боз phosphor bronze using iin. сае of 
Stock. The machining operation “ face, turn, drill, ream and р 


се 
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off” is done on a capstan lathe. The parting burr is removed by 
finishing. The part is then inspected and passed to the finished part 
stores. 

The adjusting screw is made from case-hardened steel using 2-10. 
diameter bright bar stock. The machining operation “ face, turn 
thread, form and part off” is carried out on a capstan lathe. The 
ball head is then ground by means of a special grinding attachment, 
and the screwdriver slot cut using a slotting saw on a horizontal 
milling machine. After inspection the part is passed to the heat 
treatment section for the head to be case-hardened. The head is then 
buffed and a final inspection made before the screw is sent to the 
finished part store. 

The locknut is made from %-іп. Whitworth hexagonal bright 
mild steel bar stock in one operation on an automatic screw machine. 
The part is inspected and sent to the finished part store. 

Assembly is performed in four operations. The first and second 
of these consist of running the locknut up to the head of the adjusting 
screw and screwing the complete sub-assembly into the rocker. The 
third operation is to insert the phosphor bronze bush into the rocker 
forging. This is done on a small bench press. The last operation is 
the assembly of the hardened steel tappet to the rocker arm, which is 
also done on a small bench press. The rocker assembly is finally 


inspected and passed to the finished part stores to await a further 
assembly order, 


Flow Process Chart 


The flow process chart is an amplification of the outline process 
chart, in that it shows transports, delays and storage as well as opera- 
tions and inspections. It can express the process in terms of the 
events as they affect the material being processed, or it can express 
the process in terms of the activities of the man or the use of certain 
types of equipment. 

Flow process charts recording simultaneous activities of two OF 
more subjects can be presented alongside each other on the same 
sheet of paper to indicate more clearly their interdependence. 7f is 
essential, however, that only the activities of the particular subject 10 


which it refers, either man, material or equipment, are recorded on any 
single chart. 


Construction of the Chart 


The conventions used in the construction of the chart and the 
method of construction are the same as for the outline process chart, 
except that all five symbols are used. It is usual for distance to be 
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оза, on the left of the symbol for transport in the same way as 
on be recorded against operations. The total distance can then 
ntered at the foot of the chart in the manner shown in Fig. 6.8. 


e 
15 ft ву, 
E 
24 ft [> 
(2) 
TOTAL 391 


Fic. 6.8. SECTION оғ FLow Process CHART SHOWING 
“ TRANSPORTS " AND DISTANCES 


Amplifying the Chart 
i The value of a flow process chart as 
aking full use of colouring and hatching in order to show up some 
Poenum aspect of a process. The transport symbol may be used to 
Bion movement in one direction or another by altering the way it 
es, 
ë When a particular activity extends over a large area covering differ- 
» Work-places, a clearer understanding of what 1s done at each is 
M tained if they are separated on the chart. The movement between 
he sections concerned is also brought out. 


a record may be increased by 


Examples 
(i) Fig. 6.9 shows a material type chart recording the flow pro- 
eration. 


cess of a drum during а packing op k 
(ii) Fig. 6.10 shows flow process charts recording on the same 
sheet the activities of man and material for the job of writing a 
letter by shorthand-typist. ] . 
Fig. 6.11 shows the same man type chart amplified to bring out 
the process at each work-place and the distance the shorthand- 
Ypist travels in writing the letter- 
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FLOW PROCESS CHART—' MATERIAL" TYPE 
Job: Inspection, stencilling and filling 5-cwt drums 


(present method). 


Chart begins: Empty 5-cwt drum in stock. 
Chart ends: | Filled 5-cwt drum in stock. 


1 Empty 5-cwt drum 


و 


SUMMARY 


@ Operations 10 
T Inspections 


C» Transports 4 
7 Storages 2 
5 


| реілуз 


N 


40 ft 


28 ft 


22 ft 


31 ft 


In empty-drum stock 
Rolled to inspection point 
Awaiting inspection 

Body bung removed 
Inspected internally 

Body bung replaced 

Rolled to stencilling point 
Awaiting stencilling 
Stencilled 

Awaiting labelling 

Labelled 

Awaiting inspection 

End bung inspected and tightened 
Awaiting filling 

Rolled on to scale-platform 
Positioned for filling 

Body bung removed 

Tared 

Filled 

Body bung replaced 


Rolled to filled-drum stock 
In filled-drum stock 


Fic. 6.9. Frow Process CHART SHOWING PROGRESS ОЕ “ MATERIAL” 
THROUGH A PROCESS 
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FLOW PROCESS CHARTS—'' MAN" TYPE 
AND “MATERIAL” ТҮРЕ 


Job: Writing a letter using 
method). 
Chart begins: Typist in own office 
awaiting dictation. 


Chart ends: Typist puts letter in 
“out " tray. 


Man 
(Typist) 


To author’s office 

Take dictation 

To own office 

Prepare typing set 

Typist types letter and copy 
From m/c and separate copies 
Check 


Place in book for signature 


© Letter and copy aside to “out” tray © 


Fig. 6.10. FLow Process CHARTS, 
SAME JOB 


a shorthand-typist (present 


Chart begins: Contents awaiting 
dictation by author. 


Chart ends: Contents of letter to 


Material 
(Contents of Letter) 


Wait arrival of typist 

Taken down in shorthand 

To typist’s office 

Typist prepares to type 
Typed in letter form 

Typist separates copies 
Checked 

Placed in book for signature 


To author's office 


To author's office Checked 

During checking and signing Signed 

To own office To typist's office 

Type envelope Delay while envelope typed 
Letter to envelope (з) Inserted in envelope 


` Aside to “ out ” tray 


<“ MAN” AND “ MATERIAL,” FOR THE 
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FLOW PROCESS CHART (AMPLIFIED)— 
"MAN" TYPE 


Job: Writing a letter using a shorthand-typist 
(present method). 


Chart begins: Typist in own office awaiting dictation. 
Chart ends: Typist puts letter and copy in out tray. 


Typist’s Office = 20 ™ Author's Office 
To author's office 


0) Take dictation 
To own office 
Prepare typing set 


Type letter and copy 
From m/c and separate 
copies 

Check 


Place in book for signature 
To author’s office 


During checking 
and signature 


To own office 
Type envelope 
Letter to envelope 


Letter and copy aside to 
“out” tray 


Fic. 6.11. “Man” 


ТҮРЕ Frow Process CHART From Fic. 6.10, 
AMPLIFIED 


TO EMPHASIZE DISTANCES TRAVELLED 
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Two-handed Process Charts 

Work confined to a single work-place often consists of the use of 
hands and arms only, and the two-handed process chart has been 
devised to give a synchronized and graphical representation of the 
sequence of manual activities of the worker. Recording is made by 
the ordinary symbols with the omission of the inspection symbol, 
since inspections will be shown as movements of the hands. They 
can be labelled as inspections by bracketing such movements and 
writing the word in. The triangle symbol implies hold instead of 
Storage. ү 

A two-handed process chart is made ир of two columns in which 
are recorded the symbols representing the activities of the left hand 
and the right hand respectively. They are interrelated by aligning 
the symbols on the chart so that simultaneous movements by both 
hands appear opposite each other. A brief description of the activi- 
ties represented by the symbols should be inserted. 
‚ Movements of the two feet can be recorded by mi 
tional columns. А 

The use of two-handed process charts is limited by the compara- 
tively broad meaning of the symbols, and the fact that neither paths 
of movement, nor detailed movements of hands and arms are shown. 
They do, however, help to assess whether the expense of detailed 
Micromotion analysis is justified. 


aking two addi- 


Two-handed Process Chart—Operations Only - 
__ Where onl Il picture of the activities at the work-place 
15 required, the acris of the hands will be described solely in terms 
Of operations. The example given in Fig. 6.12 gives an overall picture 
of the assembly of two washers and a nut to a bolt. It will be Eo 
that only the first operation is carried out by both hands simul- 
taneously, 


Two-handed Process Chart in Full Detail TT 
If more detail is required for the study, then the ime : г 
transport, delay and hold will also be used as shown in Fig. 6.15. 


Pre-printed Form for Two-handed Process Charting ыда 
Fig. 6.14 illustrates a suitable design of form for simplifying nie 

Construction of two-handed process charts when the volu 

makes such an innovation justifiable. 
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The Five Gilbreth Classifications of Movement 


It may appear that there is excessive body movement in carrying 
out the operation. If this is the case, the appropriate classification of 
movement can be placed alongside the symbol to which it refers on 
the chart. Necessity for the use of these five classifications is usually 


an indication that the entire operation needs detailed micromotion 
study. 


1. Fingers only . 2 : є 5 ә š T 
2. Fingers and wrist . « 5 a A s . II 
3. Fingers, wrist and lower arm . * " š . M 
4. Fingers, wrist, lower and upper arm . г è s N 
5. Fingers, wrist, lower and upper arm and shoulder ; М 


TWO-HANDED PROCESS CHART 
Job: Assemble two washers and nut to bolt 
(present method). 
Chart begins: Hands empty: material in boxes. 
Chart ends: Completed assembly aside to box. 


L.H. R.H. 


Pick up and Pick up and assemble 
hold bolt first washer 


Pick up and assemble 
second washer 


Pick up and assemble 
nut 


Aside assembly 


Fic. 6.12. TWO-HANDED PROCESS CHART SHOWING “ OPERATIONS ” ONLY 


Multiple Activity Charts and Simo Charts 

The multiple activity chart is used 
sider on the same document t 
one or more others. By all 
common time scale, to repr 
machine during a process, 


whenever it is necessary to con- 
he activities of a subject in relation to 
otting separate bars, placed against a 
esent the activities of each worker ОГ 
the multiple activity time chart shows 
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TWO-HANDED PROCESS CHART 
Job: Assemble two washers and nut to bolt 
(present method). 
Chart begins: Hands empty: material in boxes. 
Chart ends: Completed assembly aside to box. 


LH. В.Н. 
То bolt (3 To Ist washer 
Pick up bolt (2) Pick up washer 
To position с» To position 
| Hold WY, Assemble to bolt 
To 2nd washer 
Pick up washer 
To position 
Assemble to bolt 
To nut 
| Pick up nut 
To position 
Assemble to bolt 
To box ба Delay 


To bolt < ку; То 154 washer 
Fic. 6.13. Two-HANDED Process CHART SHOWING FULLER USE oF 
SYMBOLS 


me within the process. This makes 

the avoidance of such time by rearrangement of work a very much 

easier task, Tt is often useful to construct the chart so that the most 

ee subject from the aspect of costs receives the major em- 
hasis, 


Up clearly periods of ineffective ti 
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TWO-HANDED CHART . "^ 


ENT 
Оор METHOD 


JOB. 


LEFT HAND 


RIGHT HAND 


This type of chart is particularly useful for enabling maintenance 
and similar work to be organized so that the time expensive equip- 


hee | ош a оаа is reduced to a minimum (see Fig. 6.17). 
I$ also а useful means, when organizi iding the 
Dumber of maa g ng team work, of deciding 


Workers should look after, and for other similar 
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purposes. It enables complex processes to be re i i 
corded 
way for study at Jeisure. ше 


Construction of the Chart 

d Worker and machine activities are normally recorded by shading 

rs respective bars. The timings, which can be built up from pre- 

512 measurements ог by direct timing, need only be sufficiently 
ccurate to ensure the chart will be as effective as possible. Timings 


MULTIPLE ACTIVITY CHART 


SHORTHAND 
TYPIST AUTHOR. 


TYPEWRITER’ 


Typist to author's office 


-Letter dictated 

Typist to own office 

Prepare and insert typing set 
Type letter and copy 


Remove typing set, separate copies, 


check, place in book. To author's , 
“offices 


Check and sign 


Typist to own office 


L 
МЭ Ж N SS Type envelope, insert letter | 
and aside 


F Not Working on Letter Working on Letter 
19. 6.15, МїллтргЕ ACTIVITY CHART OF JOB SHOWN IN 
by dock or wristwatch аге sometimes adequate; frequently how- 
Ê it will be necessary to ascertain times by one of the techniques 
a work measurement. The activities are then plotted in sequence 
8ainst the time scale within their own particular bar on the chart. 
Wi Fig. 6.15 is an example of a multiple activity chart of the job of 
riting a letter using a shorthand-typist described in Fig. 6.10. 


Fic. 6.10 


Summary 
A concise summary of the present and proposed methods, showing 
© times and percentage use of all subjects should be made. An 
Ustration of a possible form is shown in Fig- 6.16. 


th 
ill 
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PRESENT PROPOSED DIFFERENCE 


Fic. 6.16. SUGGESTED FORMAT FOR SUMMARY OF MULTIPLE ACTIVITY ` 
CHART 
MULTIPLE ACTIVITY CHARTS 
Job: Inspection of catalyst in converter. 
Chart begins: Converter ready for opening for inspection of catalyst. 


Chart ends: Converter ready for operation again. 


ELECTRICIAN ELECTRICIAN 
AND MATE RIGGER T 


AND MATE RIGGER 4 
FITTER PROCESS FITTER PROCESS 
AND MATE MEN HOURS AND MATE MEN... 
5 9 


le TIME SAVED 
5 32 PER CENT 


o 


A ORIGINAL METHOD 
A Remove heaters 
B Workshop repairs 
C Release vessel top 
D 
E 


B IMPROVED METHOD 


Inspect or adjust catalyst 
Replace top 

Remove tackle 

Secure vessel top 

Replace heaters 

COVERING MEMBERS OF A TEAM 


Fix tackle 
Remove top 
Fic. 6.17. MULTIPLE ACTIVITY CHART 


ACOA 
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Example 

Multiple activity charts have many important uses and a further 
example may help in understanding them. Fig. 6.17 shows the charts 
for a team engaged in the operation of inspecting the catalyst ina 
converter. 

During the “ running-in ” period of a new catalytic converter in 
an organic chemical plant, it was necessary to make frequent checks 

. of the condition of the catalyst, and to make such adjustments to 
the catalyst as were then found to be necessary. It was desired to 
ensure that the time the converter was open for inspection, and, 
therefore, out of service, was as short as possible. The task was 
studied in order to find the best sequence of carrying out the various 
parts of the work. 

In the original method the removal of the vessel top was not 
started until the heaters had been removed, and replacement of the 
heaters was not started until the top had been completely fixed. 

It was found unnecessary for the removal or replacement of the 
heaters to be done entirely independently of the other work. It was 
accordingly arranged for the top to be unfastened while the heaters 
were being removed, and for the heaters to be replaced during the 
time the top was being secured in place. | р 

The saving: nearly two hours’ reduction in the time the converter 
Was out of service on each occasion. The importance of reducing 
the time that a major unit of expensive plant of this nature is out of 
Service needs no emphasis. 


Therbligs 

When there is justification for studying work in much greater 
detail than is possible with the two-handed process chart, it as Е" 
sary to use а technique which will enable an accurate ко ГЕ - 
made of the events taking place during very short perio A 2 ДЕ. i 
This is done by making the record in terms of therbligs, which si ie 
name Gilbreth gave to the seventeen elementary movements 0 


groups of movements into which he divided all types | ы, 
activity. (Since his time the number has been increased to eig . 


о ое жын hat 
As some of the therbligs refer to activities requiring a somew 
lengthy description, a series of symbols and соон has been 
developed to facilitate their use for charting T a] — 
After establishing these pee are p cape subdivision 
varying types of work, Gilbreth consider! t ү 
Was вына For a description of the different categories of 


SIMO CHART PAGE / `ОЕ/ 
METHOD: Present 
CHARTED BY: БИ 


DATE; 24-3-55 
FILM No. /4-7 


OPERATION : Rivet clip bracket assembly (5.14) 
DEPARTMENT: 6D 
OPERATOR : J K.L. (23/7) 


LEFT HAND RIGHT HAND 


я FRAME No, ON 
1 1 TIME | DESCRIPTI 
DESCRIPTION | TIME | THERBLIG, (1o00/miny | THERBLIG " 


Canny completed 021027 | 


айтов te box’ 
ПЕСИ 7e [ЇЇ 
[sr of 


Release assembly in ber 
Reach Дл new bracket 


Select and grasp bracket 


Jale 
Cany bracket 
ana baal 
Position bracket Reach for lip 
tn fixture 
Select and 
Grasp clip 
& p be 
C 
На! bracket 


Assemble clip 
te biacKet 


Release bracket рр 


Reach Mott 4 | 7Е | 
Pire Mi ж-е [ 2 | 876] 
Cany rivet to в 
б ‚хае Hold clip 
Assemble месе 
to bracket 
Lease clip 
Reach па 4? 
mje биел 
Же Form vct. cen т/с 
Retuin т/с huti 
and release 
Reach 
completed assemb 
elect and Grasp Idle 


2: 
Release assembly. 
* in box 


Fic. 6.18. SIMULTANEOUS MOTION CYCLE (* мо”) CHART 


The shaded areas against each therblig in this example represent the different 
colours which would be used in practice. 
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movement to which they refer th i 
lent e reader is referred to 
authoritative textbooks on micromotion analysis. EN 


Simultaneous Motion Cycle (Simo) Chart 


Ep ou motion cycle or simo chart is used to record 
КОДЫ on y on a common time scale the activities of the two 
Ms бада ег parts of the worker's body during the performance 
ads = e cycle of the operation being investigated. From the 
deem D ; ping example, Fig. 6.18, it will be noticed that the record is 
tard of? i igs, and that the time scale is exceptionally large. A 
rae is type is usually made from a frame-by-frame analysis of 
ES film of the operation. 

Бай sa коре and limitations of micromotion analysis can be 
ої rom this example, where the complete operation cycle 
period is of only a few seconds’ duration. Within this short 
Pat tig! дан idle time and unbalance of work have been 
mic . To prepare such a chart, however, an elaborate procedure 
Шз de use of expensive equipment are required. Investigation in 
"md Ew of detail is only justified, therefore, when the repetitive- 
pd he operation and the period for which it is likely to run are 
at the savings resulting from an improved method will defray 


the cost of the work involved. 


Diagrams and Models 

ES сло the flow process chart shows the se 
оке it does not show clearly the paths 
ticks, movement there are often undesirable 
п congestion and unnecessarily long move: 
the f, undesirable features, representations of the 
di orm of flow diagrams, string diagrams or two- 

TUNE models can be made. 

"ut clarity of these techniques m 
bons eoe problems of plant la 
SER ed effectively to demonstrate prop 
oh rony and workers. Colouring 


quence and nature of 
of movement. In the 
features such as back- 
ments. To record 
working area, in 
and three- 


akes them particularly useful 
yout and design, and they can 
osed improvements both to 
may further enhance their 


Flow Diagrams 

is The flow diagram is a drawing, substantially to scale, of the work- 

put showing the location of the various activities identified by 

pr які numbered symbols, and is associated with a particular flow 
Thes chart, either man or material or equipment type. 

e routes followed in transport are shown by joining the symbols 
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in sequence by a line which represents as nearly as possible the paths 
of movement of the subject concerned. Numbered transport symbols 
which form part of the flow line show direction of movement. 
Example (Т). Fig. 6.19 shows a simple flow diagram, recording the 
work performed by a shorthand-typist in writing a letter. The 


FLOW DIAGRAM 
Operation. Writing a letter using a shorthand-typist. 


TYPIST ' AUTHOR 


Fic. 6.19. Frow DIAGRAM RELATING To Јов SHOWN IN Fics. 6.10 
AND 6.15 


corresponding man type flow process chart to which the symbols 
refer appears on page 60. 

Example (IT). Fig. 6.20 shows a flow diagram for the job of drum 
packing, originally charted on page 58. 

Flow Diagram Elevations. As distances moved on the vertical plane 
can be just as significant as those on the horizontal plane, flow dia- 
grams can be prepared to show an elevation as well as a plan of the 
area concerned, 

Three-dimensional Flow Diagrams. When a subject covers several 
floor levels as well as different parts of the factory, a three-dimen- 
sional flow diagram is particularly useful. 

Example (ПГ). The illustration in Fig. 6.21 shows the unloading of 
goods and their removal to storage on the first floor. 


String Diagrams 


The string diagram is a scale layout drawing on which a length of 
string is used to record the extent as well as the pattern of movement 
of a worker or piece of equipment working within a limited area 
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FLOW DIAGRAM (DRUM PACKING) 


% FILLED DRUM STOCK 


SCALE 
PLATFORM 


/- 


DRUM 
INSPECTION 


Fic. 620. Frow DIAGRAM RELATING TO JOB SHOWN IN Fic. 6.9 

during a certain period of time. Although it can be used in places 
where the movement is a simple backward and forward one between 
two or three fixed points, it is of most value where the journeys are 
so irregular in distance and frequency that it would otherwise be 


difficult to see exactly what is happening. 


Construction 

Once the need for a string dia 
step is to make a study of the move 
should take the form of a continuous half- 


gram has been established, the first 
ments in the task concerned. This 
or whole-day, or other 
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THREE-DIMENSIONAL FLOW DIAGRAM 


Job: Unloading goods and removal to storage on first 
floor (present method). 


Chart begins: Goods on lorry arriving at goods entrance. 
Chart ends: Goods in store. 


Flow Diagram 


------------------------- FIRST FLOOR 


FLOW PROCESS CHART 
(Material Type) 


Goods to building on lorry 

Await unloading 

Unloaded to hand trolley 

To goods lift on trolley 

Await arrival of lift 

Enter lift on trolley and to Ist floor 
Await removal of trolley from lift 
From lift and to store on trolley 


Unloaded from trolley 


«2-549-945-5009 


In storage 


Fic. 6.21. Flow DIAGRAM, WITH FLOW Process CHART OF ACTIVITIES 
ON Two FLOOR LEVELS 


Method Study: Select and Record 73 


appropriate period, of observation, during which every journey 
involved in the performance of the work should be recorded on the 
study sheet. 

The form of study sheet required is extremely simple. The first 
page should contain sufficient data to ensure that the information 
recorded is readily identifiable. A suggested form of heading is illus- 
trated below. 


- 


STRING DIAGRAM STUDY 


Man/material/equipment/studied . ......« «sj Study Хо............ 
swan ates өте às Sheet No. 1 of. 55 
Departmen Da зання 
ection k Time started. 
Worker's na Time finished. . 
Cross reference... нан Study taken by... . 
1 2 3 53 
Тіте Time Time Notes 
Dep. Arr. Elapsed 


tion of the study and sheet 


All this information, with the excep ‹ 
be omitted from succeeding 


numbers, and column headings, could 


Pages. лаб? 

When the study has been completed, a scale layout drawing 15 
prepared of the area in which the recorded moves have taken place. 
The scale used should be as large as possible: half an inch or quarter 


of an inch to the foot are excellent if they can be accommodated on 
the paper. Care should be taken to include in this drawing not only 
]so block plans 


building features, such as walls and doorways, but a 


of machinery and other equipment installed in the immediate vicinity 


of the route, whether or not it is actually concerned with the job or 


equipment being studied. 

The completed drawing should then be attached toa sheet of ply- 
Wood or composition board and panel pins driven into it at each of 
the terminal points observed during the study; it will also be neces- 
Sary for additional pins to be inserted where the direction of moves 
between these points changes. Pins should be driven in until only 
about half an inch of their shanks protrude, so that they do not 
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work loose as construction of the diagram proceeds. Terminal 
points will correspond tom achines, storage racks, stacked materials, 
loading docks and other similar places between which journeys are 
made. 

A strong thread is then tied to the starting-point pin, and by 
reference to the study, taken round each of the other terminal points 
on the drawing in the sequence in which they were visited; the pins 
placed at corners along the route enable the thread to follow on the 
diagram a course very similar to that actually taken while the study 
was being made. 

In this way it is possible to record on the diagram any number of 
journeys between any number of points. Because thread is used 
instead of drawing in lines to represent each trip, there is no risk that 
obliteration will take place along the most frequented portions of 
the route. Also, if it is required to make several studies of the same 
task or equipment on different occasions, each diagram may be 
photographed as soon as it is completed. After other relevant infor- 
mation has been obtained, the string can then be removed and the 
layout is ready for use with the next study. 

By using different coloured threads, diagrams can be prepared on 
which the movement of several different workers or pieces of equip- 
ment working within the same general area are represented, Thread 
of a single colour can also be used to indicate movement under 
different circumstances, such as whether a truck is travelling empty 


or full, by attaching clips or flags or otherwise marking the lengths 
between certain terminal points. 


Use 


The primary function of a string diagram is to produce a record 
of an existing set of conditions so that the job of seeing what is 
actually taking place is made as simple as possible. Like other 
recording techniques, the string diagram is not an end in itself, and 
if it is to justify the time Spent in its preparation it is important that 
it should be correctly interpreted and used. 

As soon as it has been completed, the diagram should be carefully 
examined to see what facts it brings to light. In the normal way it 
will be known what type of information is being looked for and 
whether, for instance, an excessive amount of movement appears 
to be involved as a result of the arrangement of certain machines or 
the location of material storage points, or whether there is conges- 
tion in some areas. This knowledge will be of great help in inter- 
preting the diagram. 


One of the most valuable features of the string diagram is the way 
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it enables the actual distance travelled during the period of the study 
to be calculated by relating the length of the thread used to the scale 
of the drawing. Thus it is possible to make a very effective compari- 
son between different layouts or methods of doing a job in terms of 
the amount of travelling involved. 

If changes in operation rather than in layout are indicated, it may 
be a better proposition actually to introduce such changes on a 
temporary basis. A study of the new method in use can then be made 
and the resulting string diagram compared with data obtained from 
the original. When changes in layout appear inevitable, a consider- 
able amount of experimental work can often be performed on the 
original diagram itself before the expense of altering doorways, 
moving machinery, etc., need be incurred. For instance, the use of 
cardboard templets to represent machines, stacks of materials, etc., 
will enable different arrangements to be tried out quite easily on the 
scale drawing. The routes between the new terminal points can then 
be re-strung and measured until the most satisfactory movements 
have been found. These can then be translated on to the shop floor, 
and, if necessary, another study made to check performance with 
that provided for. x - 4 4 

Apart from the measured information it provides, especially if the 
study included a time record, the general appearance of a string 
diagram can sometimes repay careful study. A diagram for a single 
worker or piece of equipment will give a good idea whether an 
excessive amount of backtracking is taking place or whether the 
movement pattern is orderly and consistent. If the movements of 
two or more workers or pieces of equipment have been plotted on 
the same diagram, a realistic picture of what is happening may be 
obtained if the studies are made simultaneously. (This will mean a 
different observer being detailed to make each study, although the 
diagram itself could afterwards have been compiled by a single 
individual.) The result is then a much truer picture of the way in 
which movements overlap or interfere with each other than if the 
studies were made at different times. In this manner bottlenecks and 
other unprofitable activities, such as duplicated or unnecessary 


journeys, may be located. 


Summary 

Preparation of the string diagr 
cated enables a convenient form o 
the likely effect on transport of cha: 
the nature of existing operations, or 
Posals for changes in layout are concerne 


am from a study of the type indi- 
f summary to be prepared showing 
nges in either the existing layout, 
their sequence. As far as pro- 
d they can be assessed for 
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their probable advantages by preparing string diagrams of them on 
which are reproduced the new routes of the journeys recorded in the 
original study. In the same way, the effect on transport requirements 
of alterations to certain operations can sometimes be gauged, and the 
result incorporated in a string diagram to enable its significance to 
be seen. 


SUMMARY 


Total clocked time (duration of study). ........... 


Unproductive time noted. 


Movement Loading and 
Tim unloading time 


"Total Total 
saving as saving 
Method % 


е 
z in 
Distance} % of % of |ofclocked| distance 
(feet) ї dd Min clocked time travelled 
time time 
1. Present 
2. Proposed | 
(alternative 1) 
3. Proposed 
(alternative 2)| 


It may sometimes also be useful to include in the study some notes 
on the work performed at each terminal point between different 
journeys, and to give some indication of this on the string diagram. 
In practice the amount of additional detail recorded depends very 
much on individual requirements, but care should be taken not to 
complicate the diagram by attempting to include too much informa- 
tion on it. Construction and interpretation will be simpler if the 
purpose for which it is being prepared is constantly borne in mind. 

To summarize. The principal uses of string diagrams are to investi- 
gate movement in the following circumstances— 


1. When a team is working. 

2, When one worker is tending several machines. 

3. In processes where several sub-assemblies have to be moved 
to another assembly. 

4. Where the process necessitates the worker moving from one 
work-place to another. 

5. For testing the relative values of different layouts. (In this 
case the alternative routes for achieving the same ends are 
measured and compared on each layout.) 
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Example. Fig. 6.22 shows the appearance of a string diagram, 
recording the path of movement of a laboratory assistant in perform- 
ing a day's work. 


STRING DIAGRAM 


APPARATUS 


FILTRATION 


HOTPLATE "Q [| 
= 


SA 


BALANCE 


O 
OXIDATION 


APPARATUS 
012345 
иин 


BURETTE FEET 


(Heavy Lines SHOW FREQUENT JOURNEYS) 


Fic. 6.22. STRING DIAGRAM. 


Two-dimensional Models (Templets) | 

Loose templets can be used to represent machinery, furniture, and 
fittings, in developing new methods. Templets made from thin card 
will suffice for most purposes. If frequent re-layout is essential, 
heavy card or plywood will prove more satisfactory. To prevent 
them moving about while the layout 1s being prepared, templets 
may be backed with coarse emery or glass paper, and the arrange- 
ment tried out on a piece of baize cloth. 9 

If the layout has to be arranged in a vertical position, pressure- 
adhesive or magnetic templets may have to be used upon an appro- 


priate material. 
When positioning templets care must be taken to see that the arcas 
required for maintenance and cleaning, safe clearance, loading and 


satisfactory operation, are included. These areas сап be coloured 
distinctively to give greater clarity. To climinate drawing and trac- 


ing, the final layout can be photographed. 
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Three-dimensional Models 

A scale model of a working area has similar uses to a three- 
dimensional flow diagram. It also enables questions of environment, 
lighting, heating, ventilation, maintenance and safety to be visualized. 
Being easily understood by employees, it is useful in obtaining their 
practical advice on changes in method and layout, and can be of 
great value in demonstrating the advantages of the proposed changes 
to all concerned. Because of the cost of their preparation, however, 
three-dimensional models should not be resorted to unless it is felt 
that their use is essential to portray satisfactorily a certain set of 
conditions. 


Photographic Aids 


In those techniques of method study concerned with investigation 
on a plant- or factory-wide basis, nearly all the observations are 
carried out using the naked eye. In the case of more detailed investi- 
gation at a work-place where the operations may be of very short 
duration, or performed at a high speed, or where several different 
jobs are being carried out simultaneously, the observer is frequently 
unable to perceive movements accurately enough for recording pur- 
poses. In such circumstances photography can be used to make the 
record on which the examination is based. 

Both still and cine photography are employed for this work, and 
while the provision of equipment and processing facilities can be a 
major item, where there is frequent opportunity for their use the 
cost of the materials is usually a minor consideration. 

New applications for photography are still being found in the field 
of work study. The following are some of the more obvious benefits 
made possible by one or other of the techniques— 


1. A permanent record is obtained of the work being studied. 

2. The record can be referred to at any time, in any place, and 
by any number of people. 

3. An excellent means is obtained of demonstrating differences 
in methods. This is a particularly valuable aid to training. 

4. Reproduction of the original method is possible at any time 
after the improved method has been installed. "This is a useful 
feature when the degree of improvement achieved may be disputed. 

5. Repeated study of a worker's activities can be made without 
disturbing him at frequent intervals. 

6. The examination of intermittent work can proceed when the 
work itself is not actually in progress. 
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Use of Cine Films 
Cine films possess a number of features which are of particular 
value for method study purposes— 


1. They can be projected at any required speed and can be 
stopped at any convenient point. 

2. They can be run backwards, which sometimes enables 
clumsy or awkward movements to be more easily detected. 

3. The fact that movement is confined within the limits of the 
film enables absolute concentration to be focused on the activities 
without the noise and distraction of the normal surroundings in 


which the work is carried out. 


It will be appreciated that special equipment, both for making the 
films and projecting them, may be necessary to take advantage of 
these features. When this is available the following are the main ways 
in which films are employed— 

Micromotion. The therbligs referred to on page 67 can often be 
determined only from a frame-by-frame analysis of a cine film record. 
When a film is made for this purpose an exposure speed of 1,000 
frames per minute is sometimes employed which enables a decimal 
minute scale to be used for charting purposes. Alternatively a time 
indicator is placed in the field of view of the camera during exposure, 
which enables the duration of each element to be established irrespec- 


tive of the frame speed used. 
Normal Records. Cine photograp 
(960 frames per minute) is particularly 
of an existing method, including layou 
it can be carried out with the cheapest typ 5 
available (8 mm), it is frequently a proposition to use it as a means of 
recording a complete cycle of every operation involved in a process. 
Before filming the cycle itself, a “ shot " ofa card or blackboard upon 


which details of the operation are written ensures subsequent iden- 


tification. 


Memomotion. It is possible to с: t 
device which permits the exposure of a single frame of the film at 


predetermined regular intervals. The interval period usually lies 
between a half and four seconds, and can be varied according to the 
nature of the activity being studied. By employing this device it is 


possible continuously to record the activities within the working area 


over a lengthy period. The resultant series of still shots can be 
analysed and used as the basis for the construction of the appropriate 


charts. і 
This method of recording is 


W.S.—D. 


hy at normal substandard speed 
useful for obtaining a record 
t of the work-place. Because 
e of camera and material 


ouple to a cine camera a timing 


likely to be most useful when it is 
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desired to examine the simultaneous activities of a team of workers. 
Without this technique several observers would probably have to be 
employed to record the activities and their individual records would 
be difficult to co-ordinate. 

Memomotion is economical in film consumption, as, assuming a 
rate of exposure of one frame per second, activities extending over a 
period of an hour can be recorded on 100 ft of 16-mm film. 


Cyclegraphs and Chronocyclegraphs 


In addition to the straightforward use of still photography to make 
permanent records of work-place layouts, string diagrams and 
models, etc., a technique was originated by Gilbreth to enable com- 
paratively short motion patterns to be recorded on a photograph of 
the work-place itself. The record can be made as a continuous or 
dotted white line, known as a cyclegraph or chronocyclegraph, 
respectively. 

A cyclegraph is a record of path of movement, usually traced by 
a continuous source of light on a photograph. It is produced by 
attaching small lights to the worker’s wrists (or whatever member it 
is desired to observe) and making a time exposure (on a small lens 
stop) while a single cycle or portion of a cycle is performed. The 
camera shutter is then closed after which a normal instantaneous 
exposure is made on the same film. 

A similar photographic procedure is used to make a chronocycle- 
graph in which the light source is suitably interrupted so that the 
path appears as a series of pear-shaped spots. This enables both the 
direction of movement and the speed at any point along the path to 
be recorded. This is achieved in the following way— 


1. The interruption of the light source is arranged to take place 
at carefully controlled regular intervals (usually 10, 20 or 30 times 
per second). 

2. The method of interruption is such that, when the light is 
being recorded on the film, the movement of the subject results in 
a pear-shaped dot being produced, distinctly tapering off at one 
end. This is achieved either by means of suitable equipment in 
the lighting circuit operating at the required frequency, or by 
exposing the film through a disc rotating at the appropriate speed 
and of suitably graduated density. 


When the frequency of the interruptions is known, the speed and 
direction of movement at any point along the path can be easily cal- 
culated from the number and shape of dots recorded. 

The main value of cyclegraphs and chronocyclegraphs, however, 
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lies in the convenience with which different motion patterns can be 
compared for variations in the method of performing a particular 
operation. 

Although still photography is simpler and cheaper to carry out 
than cine photography, it usually involves some interruption of the 
work being studied. This can sometimes be minimized, even when 
making cyclegraphs and chronocyclegraphs, by using equipment 
which will enable exposures to be developed before the apparatus is 
taken away. In this manner the necessity to go back and repeat the 
procedure because of an unsatisfactory record is eliminated. 


7 бн и и и a нні 


Method Study : Examine 


THE critical examination is the crux of the basic procedure. Conse- 
quently it is sometimes more effective to have two people working 
on it together. The object of critically examining the recorded facts 
of an existing or proposed method is to determine the true reasons 
underlying each event, and to draw up a systematic list of all the 
possible improvements for later development into a new and 
improved method. The whole examination procedure requires 
exhaustive collaboration with everyone in a position to offer 
information which may prove useful, and also full use of all available 
sources of technical information. 

The recording techniques used should have been chosen so that 
all the essential facts concerning the process are exposed for this 
thorough examination. In practice, after the examination starts, it 
is often found that more information is wanted on some aspect of 
the process. It is then necessary to have further consultation with 
those best suited to provide this, and, if required, to make additional 
records. Frequently the approximate timings originally recorded 
on process charts are found to be insufficiently accurate, and 
further timings have to be obtained by one of the techniques of work 
measurement. 

When examining the recorded facts of a process it is important to 
keep to а set plan. The set examination begins by focusing attention in 
turn on individual aspects of activities. Only after full consultation 
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with those concerned has established the true facts and reasons 
underlying one aspect of a procedure should the next aspect be 
investigated. When he has this full knowledge of the underlying 
reasons, the work study officer is in a position to review the process 
as a whole, and, using the same system of full consultation with those 
who may be able to offer him useful knowledge and ideas, seek the 
alternatives which are available. 


Approach 

The results which the set form of critical examination can achieve 
will naturally be influenced by the attitude of mind of the work study 
Officer, and by his ability to elicit relevant information from all the 
many availabie sources. It is perhaps worth mentioning a few points 
which should be borne in mind— 


1. Facts must be examined as they are, not as they appear to 
be, or should be, or are said to be. 

2. Preconceived ideas, which often colour the interpretation of 
facts, must be allowed no play. 

3. All aspects of the problem must be approached with a 
challenging and sceptical attitude. Every detail must be examined 
logically and no answer accepted until it has been proved correct. 

4. Hasty judgements must be avoided. 

5. Detail must have persistent and close attention. 

6. Experiment resulting from * hunches,” which should have 
been immediately committed to paper as they occurred, should be 
reserved to the appropriate place in the investigation. | 

7. New methods should not even be considered until all the 


undesirable features of the existing method have been exposed by 
Systematic examination. 


The objectives of the method study as ou 
at all times be remembered. The result 
fields referred to will be the elimination of waste of both ma 
and time. 


tlined in Chapter 5 should 
s of improvements in the 
terials 


Classification of Operations 
Although transports and delays 

the greatest scope for improvement, 1 

Work by eliminating certain operation 

каныш, and this will automatically affect ігаперогі ада delays. 

examination of the operations іп a process 5104 eret 
be made in order of their importance to the ove sfide E 
have been divided into make ready, do and р 
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on the lines indicated in Chapter 6, elimination of any of the do 
operations will enable any make ready and put away operations 
connected with them automatically to be eliminated, as well as 
corresponding transports and delays. 


Examination Procedure 


The examination is achieved by means of two sets of detailed 
questions: the primary questions to indicate the facts and the 
reasons underlying them, and the secondary questions to indicate 
the alternatives and consequently the means of improvement. The 
questions are asked under five headings which inquire into the 
purpose of the operation, the place where it is carried out, and the 
means by which it is carried out. Both primary and secondary 
questions are asked for each aspect before passing on to the next. 
Obviously, if the detailed questioning by both primary and secondary 
questions does not establish a purpose for an operation, there is no 
need to waste time inquiring into any other aspect of it. 

Other activities which still appear to be necessary after the full 


examination of the operations can then be subjected to the same 
procedure. 


The Primary Questions 


The following are the primary questions under their respective 
headings— 

1. Purpose. The questions “ What is achieved?” and “Is it 
necessary?” and “ Why?” challenge the existence of the activity. 
The answers to these questions determine whether the particular 
activity will be included in the new method. 

2. Place. The questions asked under this heading are ** Where 
is it done?” and, “ Why there?” 

3. Sequence. The sequence of the activity in relation to other 
oe is challenged by asking “ When is it done?” and “ Why 
then?” 

4. Person. The next questions refer to the person performing 
the activity. They are “ Who does it? ” and “ Why that person?” 

6. Means. Finally the means of carrying out the activity are 
challenged by asking “ How is it done?” and “ Why that way?” 


The first question, * What is achieved?” ensures that whatever 
is written as the description against the symbol on a chart is accu- 
rately phrased and, more important still, properly understood. In 
this way the real achievement of the activity is established. The 
answer to this first question indicates the form which succeeding 
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questions should take, and ensures that the correct details of the 
activity are considered in those questions, and that questions which 
are inapplicable to the circumstances are not asked. 

Since the object of the primary questions is to ensure that every 
facet of an existing method is clearly understood, it is important not 
to confuse the questions and answers relating to “ purpose ” and 
“means.” For instance, when considering the operation of tying 
a parcel with string, the question under purpose, * What is 
achieved? ", would receive the answer, “ The parcel is fastened,” 
and not, “ The parcel is tied with string.” Similarly, in applying the 
questioning sequence to the operation of planing a certain length of 
timber to l-in. thickness, the question under purpose, “ What is 
achieved?” should receive an answer such as “ A length of timber, 
3 ft. x 6 in., is reduced to j-in. thickness." The question “ How is 
it done?” might then be answered “ By planing with a rotating 
cutter block on a 9-in. Wadkin surface planing machine.” 

The primary questions fill in the background of events and 
establish whether existing procedures are based on sound reasoning. 
They should clearly indicate any part of the work which is un- 
necessary or inefficient in respect of place, sequence, person or means. 


The Secondary Questions 
The secondary questions seek to establish suitable alternatives to 
existing, or previously proposed methods. 


Under— 
Purpose, it is asked—What else could be done? 
Place, it is asked—Where else could it be? 
Sequence, it is asked—When else could it be? 
Person, it is asked—Who else could do it? 
Means, it is asked—How else could it be? 


pplied to any event it may 


When each of the above questions is à i 
hese have been established 


suggest a number of possibilities. When t 
It may be necessary to ask— 


What should be done? 
Where should it be done? 
When should it be done? 
Who should do it? 

How should it be done? 


The answers to these last five questions indicate the lines along 
Which a new method for the overall process should be developed, 
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though it is possible that adequate decisions cannot be made at this 
stage and further inquiries may have to be made when developing 
the new method. 

In obtaining the answers to these secondary questions, which will 
be the pointers to improvement, the following considerations are 
of first importance— 


1. When the purpose of the activity is challenged, the main 
Object is to see whether it can be eliminated entirely. 

2. If the activity proves to be essential, then the object must be 
to see whether it can be modified by changing it or combining it 
with other activities. In some cases it is, of course, possible to 
obtain improvements by separating and redistributing the work 
content of particular activities. In this way improvements are 
often obtained by combining or changing the place where work 
is done, the sequence in which activities are performed, or the 
persons performing the activities. 

3. Finally, and this is particularly important when the “means” 
of doing a job are being considered, attention is given to see how 


an activity can be simplified. 


Creative Thinking | Р 
Creative thinking or brainstorming first сате into prominence in 
pre-war days in America in the advertising field and was credited 
with startling successes. In practice, however, the technique is 
nothing new. Itis applied by most people in varying degrees of 
intensity; but since imagination is often suppressed from childhood 
onwards, a premium is placed on sound and reasoned judgement. 
Many ideas may thereby be stifled at birth. The specialized 
technique of the creative thinking session has been used to ensure 
that, at the stage of method study concerned with seeking alternative 
methods, a greater flow of new ideas is generated. . . 

A group of people are gathered together, presented with a specific 
problem and asked to fire off the first ideas that come into their 
heads for solving it. All criticism both by word and implication is 
ruled out. The wilder the ideas that emerge the better, and quantity 
Of ideas is sought rather than quality. Ideas suggested by one 
member of the group are built on and improved by the other 
members, The result of the session is a mass of ideas, most of 
them admittedly completely impractical, but a few worthy of closer 
attention. It is argued that these few are far more likely to produce 
“a bunch of keys ” for solving the problem than would have been 
achieved by exclusively conventional methods. 

Dr 
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There is no standard practice for running a session. The following 
points, however, will always well repay attention— 


(a) Careful definition of the problem. If the problem is of a 
general nature, better results are likely to be achieved if it can be 
divided into parts. 

(b) Careful selection of the team. The group should be of 
roughly the same managerial or intellectual level and have a 
background knowledge of the type of problem under discussion. 

(c) Inhibitions must be broken down. Careful selection of the 
team helps, and better results may be achieved if they have had an 
opportunity to make each other’s acquaintance in a relaxed 
atmosphere. 

(d) The team should be kept informed of what happens after 
the session and where possible should be present when the ideas 


are critically examined. 


Summary 
The sequence of the examination to which each activity is 
subjected can be summarized as follows— 


Purpose — What is achieved? 
Is it necessary? Why? 
What else could be done? 
What should be done? 
Place -- Where is it done? 
Why there? 
Where else could it be? 
Where should it? 
Sequence — When is it done? 
Why then? 
When else could it be? 
When should it? 
Person — Who does it? 
Why that person? 
Who else could do it? 
Who should? 
Means -- How is it done? 
Why that way? 
How else could it be? 
How should it? 


$ that every aspect of the activity 


This questioning pattern ensure: 
i ыы s are considered fully. From this 


is examined and that all alternative: 
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point logical deduction indicates the most effective means of 
improvement. The next stage is to use the information now available 
as a basis for developing an improved method. 


Pre-printed Form 


Some people find it useful to have a pre-printed form for the 
critical examination. Fig. 7.1 illustrates such a form. It is of parti- 
cular use when making a critical examination for the first time. 
The form is the most suitable for all types of work in general and 
great experience should be gained before endeavouring to change it 
in any way. A guide to its use is given in Fig. 7.2. 


Method Study: Develop and Submit 


WHEN planning the new method, the human factors should be 
carefully considered. Everything economically reasonable should 
be done to ensure comfortable working conditions, and the following 
“contingent considerations” are typical of those that should be borne 
in mind, in addition to the human factors discussed in Chapter 3. 
The adaptation of a man’s working environment to his needs and 
capabilities has recently become the concern of a group of important 
intensive studies which are given the collective name “ ergonomics.” 
Ergonomics is one of many half-way houses between pure research 
and its practical application to working problems. A good definition, 
arrived at by the International Labour Office, is " the application of 
the human biological sciences in conjunction with the engineering 
Sciences to achieve the optimum mutual adjustment of man and his 
work, the benefits being measured in terms of human efficiency and 
well-being.” 
In practice ergonomics is found to be applied over the whole field of 
the physical “contingent considerations ? mentioned in this chapter. 
or example, at the First International Conference on Ergonomics in 
1959 the following typical items were discussed : anatomical factors in 
the layout of the work-place, including the design of seats and the 


arrangement of components and equipment to suit human body 


measurements; the layout and presentation of all types of instrument 
dials and display panels to help accurate perception; the design of 
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control levers, wheels, etc. to suit human mental and physical 
characteristics; lighting, noise and climatic conditions at the work- 
place; and so on. Ergonomics also contributes to the study of energy 
expenditure, rest pauses, and factors influencing fatigue, and this 
helps ensure that knowledge useful in work measurement is kept up 
to date. In fact, in many areas where the critical approach of work 
study has made an important contribution to the physical or mental 
well-being of people at work, ergonomics offers a refinement of ap- 
proach and a body of new scientific knowledge that enables this 
contribution to be enhanced. Work study and ergonomics are in 
this sense complementary, and reference to the latter should be made 
when exercise of the former can be improved by the injection of 
specialist knowledge. 


Sight and Lighting 


While sight is largely the concern of the medical officer, the work 
study specialist should be aware of certain elementary principles 
concerning sight so as to be in a position to seek the medical officer’s 
expert advice over any aspect of a proposed method where problems 
of sight are accentuated. Output depends in very large degree on 
the comfort with which eyes are able to perform their task. The 
eyes demand satisfactory conditions of environment, for on the 
visual impression of environment will largely depend the content- 
ment of the employees. An adequate standard of general illumina- 
tion should be provided, together with supplementary local lighting 
correctly positioned for tasks requiring close attention. Specialist 
advice is essential. 

The normally proportioned eye is said to be at rest when looking 
at objects more than 20 ft away. At lesser distances the muscles of 
the eye will have to be used. Like other muscles these are liable to 
fatigue, and become markedly less efficient with increasing age. 
For fine work, near-sighted people are particularly suitable as they 
will require to use the eye muscles less than normal-sighted or long- 
sighted people. Further general points are that the performance of 
those doing fine work is likely to be improved more if the size of the 
object they are working on can be increased than if they are given 
extra light. Another way in which performance can often be 
improved is by raising the contrast between the object being worked 
on and the background against which it is worked. 


Colour 


Colour has other functional uses besides increasing contrast for 
purposes of better visual acuity. For instance, colour can be used 
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to differentiate between the contents of different pipe lines by painting 
bands of a particular colour on them at convenient intervals. It 
is also commonly accepted practice to paint certain machine controls 
so that the attention of the worker is drawn to them, while white lines 
are often used to mark out storage and communication areas on 
factory floors. 

When it comes to applying colour to give a sense of pleasure and 
well-being to the employees in any particular department, this is best 
left to an interior decorator accustomed to the special problems of 
factories, which include the elimination of glare. Scale models 
coloured variously could be shown to employees so that they might 
express their preference for any particular scheme, but a pleasing 
overall effect likely to give the full benefits which a well-planned 
colour scheme can bring is not likely to be obtained by consulting 
employee preference alone. Where it is not desired to employ a 
specialist, study of an authoritative colour reference system and 
the colours advised is probably the next best thing. 


Ventilation and Heating 


The health and comfort of employees are directly affected by the 
ventilation and heating of the buildings in which they work. Humid 
and stagnant air and uneven temperature are often causes of 
inefficient working as well as ill-health, and can be remedied by 
installing proper heating and ventilating systems. These should be 
so designed that people in all parts of a building are supplied with 
fresh air in such a way that an even temperature 15 maintained. A 
normal working temperature would be between 60° and 65° F, 
although this will vary according to the type of work being carried 
out. Sedentary work will require higher temperatures, and heavy 
manual work lower temperatures. Where abnormally high or low 
temperatures are necessitated by, or result from, the process a 
worker’s energy and dexterity are sometimes seriously affected. 
The effects of these conditions must be anticipated, and considera- 
tion should be given to reducing them by the provision of more 
adequate local ventilation, by special clothing, or by other protective 


measures. 


One of the most important effects of constantly changing air is to 


minimize the risk of infection among people working together. 
While an even air-flow creates a feeling of freshness, it must not be 
allowed to cause draughts. In some cases elaborate systems will 
have to be installed to rid the atmosphere of fumes and dust; these 


will certainly require expert knowledge. 
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Noise 

Little reliable information is available on the effect of noise on 
output. It is accepted that noise is a distraction, but that one can 
become accustomed to it, and it is true that under noisy conditions a 
normal rate of output can be maintained. It has been found that this 
is usually at the expense of increased fatigue. Intermittent noise or 
noise of a sudden shrill nature is particularly disturbing. 

A partial solution to the problem may be to isolate the noisy work 
in a separate room. Where this is impossible it may be feasible to 
dampen the sound by using sound-absorbent materials on roofs and 
walls. In extreme cases ear-plugs may be helpful. 


Seating 


Properly designed seating is of great importance. There are many 
kinds available which are intended for different types of work. The 
general principle governing the choice of seats is that, when seated, 
an employee should be able to work in a comfortable and natural 
position with adequate support for the back and feet. 

Whenever possible people working at benches should be provided 
with seats of such a height that they can work sitting or standing, as 
they feel inclined. Plenty of leg room should be available between 
each bench and seat, while the provision of adjustable foot rests is 
occasionally beneficial. Where normal seating proves to be impracti- 
cable it may be possible to provide padded back rests against which 
employees can lean from time to time. 


Amenities 
This heading covers a variety of factors which help to achieve 
satisfactory working conditions— 


m 


. The safety of personal belongings and the provision of 
lockers 

. Good toilet facilities 

. Facilities for drying wet clothes 

. Provision of canteens, tea and drinking water 

Rest rooms 

Provision of protective hand creams 

. Adequate first aid and fire precautions 

. Transport to and from work 

. Cleanliness in the factory 

. Convenient location of clocking stations 


= 
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The Improved Method 


Examination of the existing method provides a comprehensive 
statement of what is being done at present, and shows in which 
direction improvements may be made. 

With the results of the examination as a guide, the work study 
officer next proceeds to develop the improved method, taking into 
account those factors listed under contingent considerations. He must 
be particularly sure to seek advice from any source which may help. 


The Framework of the Improved Method 


When the existing method is examined, certain “do operations ” 
and “inspections ? are found to be essential parts of the task. 
These operations and inspections form the framework of the 


improved method. 


Scope for Improvements 


In Chapter 5, five directions were referred to in which method 
study can contribute to improved efficiency. At this stage it is useful 
to give more detailed consideration to the opportunities afforded in 
each of these directions. 

1. Layout and Design of Factory, Plant and Work-place. In many 
industries the time and effort expended in handling materials and 
in the movement of workers amount to as much as, and often more 
than, that involved in the processing operations themselves. This is 
frequently a direct result of restrictions imposed by factory layout 
and plant design. 

Ina 1 investigation this fact may soon be brought to 
light and indicate the need for a rearrangement of machines or their 
controls, the re-location of storage and working areas, the provision 
of suitable mechanical handling equipment and transport facilities, 
etc, 

In the case of more detailed investigations the flow or two-handed 
process chart may reveal that, even at the work-place itself, ше 
time spent loading and unloading a fixture or machine (make = 
and put away operations) appreciably exceeds that required to 
perform the actual process (the do operation). When elimination 
and combination of operations have been taken as far as possible, 
recourse may be had to such devices as hopper and bin feeds, drop 
disposal chutes, better locating points, and so on, to reduce the 
Proportion of time spent on handling and ineffective movement 


within the normal operation cycle. 
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2. Working Procedures. The fact that an established system of 
working has never appeared to be particularly inefficient should not 
prevent the work study officer from subjecting every aspect of it to a 
critical examination when the opportunity arises. 

The outcome of such an examination may show the need for 
changes in the way in which operations are planned and in which 
work is initiated and progressed; the manner in which materials are 
ordered, received and stored may be unnecessarily restricting the 
capacity of the departments concerned; alterations in batch sizes, 
or a change over from batch to flow type production may be indicated, 
while a preponderance of work dominated by “ know-how " or 
quasi-scientific theories may be covering up inefficiencies of a very 
high order. 

3. Use of Materials, Plant and Equipment, and Manpower. While 
materials utilization is primarily determined by the product and tool 
designers or the production technologists, it sometimes happens 
that the examination stage of a method study investigation reveals 
factors which have not normally received consideration. As a result 
of applying his questioning procedure to the purpose of a job and 
the means by which it is performed, the work study officer may be 
able to suggest the use of a cheaper material or a more economical 
method of using the existing material, or even the means of com- 
pos eliminating certain operations and the material required for 
them. . 

In the direction of plant, equipment and labour utilization, а 
method study investigation is frequently the only satisfactory means 
of seeing what is actually taking place and of enabling a valid 
comparison to be made with a proposed improvement. The number 
of semi-automatic machines which can be attended by one worker, 
the advantages and the disadvantages of shift working, the extent 
to which mechanization of operations is really an economical pro- 
position, the means by which advantage may be taken of different 
human skills and varying abilities, and the balancing of operations, 
particularly on mechanized assembly lines, are but a few of the 
typical examples of the way in which the improved utilization of 
a firm’s resources may be arranged when method study is applied 
to them. 

4. Working Environment. Although it is not usually difficult to 
see directions in which working conditions may be having an adverse 
effect on output, it is a job of systematic analysis and examination 
to determine to what extent and in which directions improvements 
will yield a most satisfactory return. Heating, ventilation, lighting, 
noise level and personal comfort all have limits between which 
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working conditions are most satisfactory, and these can vary 
according to the type of work being done. 

In the matter of amenities, it frequently happens that these 
cannot be directly associated with any particular level of productivity. 
Consequently it is not always possible, nor even desirable, to allow 
output considerations entirely to govern the degree of improvement 
introduced. Nevertheless, it is an established fact that, within 
reason, the provision of better amenities of all types can, in the long 
run, have a marked effect on the standard of output of those who 
benefit. In this connexion the following types of amenities are most 
likely to occupy the attention of the work study officer— 


1. The convenience and adequacy of cloakroom and toilet 
facilities 

2. The times at which refreshment breaks occur, as well as their 
duration 

3. The reliability and adequacy of safety precautions and first- 
aid services Р 

4. The suitability of washing facilities for the type of job 
involved TN 

5. Customary allowances for starting and finishing work 


5. Design or Specification of the End-product. Tt is often possible 
to incorporate minor changes in the design or specification of a 
product, which make the work of handling and processing it 
appreciably easier without detracting from its saleability or functional 
efficiency, Such changes might take the form of clamping lugs or 
carrying holes being incorporated in awkwardly shaped parts, of 
Simple sub-assemblies being redesigned to permit the use of com- 
ponents formed as far as possible in one piece from continuously є 
Stock material, of greater accessibility being provided for assembly 
work, and similar innovations. " 

Package designs may be changed in size or shape to Sae 
filling and closure, or to enable the use of standard containers for 
internal or external transport. 

The advantages of using pre 


tion of products or components ) 
mind, particularly when they enable the range of articles produced 


to be cut down and additional plant capacity made available. The 
quality standards worked to should also not be allowed to «с 
attention; it may be found that in some cases they are акту y 
high, while in others the limits are set too wide with the result that 
an undue amount of sorting, correcting ОГ selective assembly has 


to be carried out towards the end of the process. 


ferred materials and of standardiza- 
should be continuously borne in 
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Characteristics of Easy Movement 


The possible merits of any “ hunches,” which were noted down 
earlier in the study, can now be examined. Work-places can be 
“mocked ир” with improvised equipment and various ideas tried 
out. The help and advice of the experts in the fields affected should 
be constantly sought. In particular, what are termed the “ charac- 
teristics of easy movement” or “ principles of motion economy ” 
should be considered whenever the type of job being studied lends 
itself to their application. 

To assist in the critical examination of a worker's movements and 
to decide on the most effective work-place layout, it is helpful to 
know the principles on which easy and economic movement patterns 
are built. Equally it is necessary to be able to identify types of 
movement which are wasteful and fatiguing. 

During his early motion study investigations, Gilbreth recognized 
that there were certain principles that were common to all skilled 
movements. Asa result of a close study of many different activities, 
he isolated these and put them forward as a basis upon which all 
movement patterns should be constructed. 

Wide violation of these principles often provides a pointer to a 
possible improvement. They should, however, be used only as a 
guide to efficient movement, and not as a series of inflexible rules to 
be applied rigidly on all occasions. In motion study, as with all 
method study, there are variable factors in every situation, and it 


may be necessary to modify the application of the principles to meet 
the prevailing circumstances. 


Application of the “ Characteristics ? 


As motion study examinations are mostly concerned with the 
movements of the hands and arms, the principles apply more 
generally to those limbs, though many can be applied also to the 
legs and feet. 

Any survey of the characteristics of easy movement must neces- 
sarily include consideration of the work-place where the movements 
take place and of the equipment used. For this reason, some 
authorities separate them into those affecting hand movements, 
work-place layout and tool or equipment design. A variety of 
systems has been evolved, and individual textbooks differ in their 
presentation. Generally speaking, however, most of the variations 
are special applications of one or more of six basic principles which 
are described in succeeding paragraphs. 


Temembered that the principle is in 
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The Six Basic Characteristics 

Each of the principles has as its basis one of the six characteristic 
classifications into which human movements can be conveniently 
divided. 

1. Minimum Movements. This principle requires that tools, 
material supply and equipment should be positioned so that they can 
be used with minimum of movement by the worker, and at the same 
time ensure that the movement classification used is of the lowest 
practicable group in the circumstances. j 

If distances moved are to be kept to a practical minimum, a 
knowledge of working areas is required. When a worker is seated 
at a work-place there is an area in front of him which can be called 
his normal working area. The normal working area in the horizontal 
plane is bounded by arcs drawn by the right and left hands with the 
lower arms pivoting from the elbows which are held naturally by 
the side of the body. М , 

If the various tools, material and equipment аге positioned in or 
around the normal working area, they can be reached without undue 
use of the worker’s upper arm and shoulder muscles. The area 
immediately in front of the worker, where the arcs overlap, is called 
the immediate working area, and is the most suitable area for bi- 
manual operation. Where all the equipment cannot be located in or 
around the immediate and normal working areas, it should be placed 
Within the maximum working area. This area In the horizontal 
plane is bounded by arcs drawn by the right and left hands, with the 
arms pivoting from the shoulders. Objects placed between ш 
normal and maximum working area сап be reached by the worker 
with a Class IV movement. Anything placed outside the aaa 
working area can only be reached by a Class V movement ш \ 
body stretching or bending. There are corresponding norma B. 1 
maximum working areas in the vertical as well as the horizonta 
Planes. These working areas are ШЕКА m d omen. 

i 1 » 

When considering the movement Sat fb buts body and 
Shoulder movements as far as possible, substituting $i шег 
Class Ш and Class ТУ movements. It is not intended that w aed 
Possible Class I movements must be used for in may we Si 
Қ Бы mean that the fingers were overloaded and working bey 

eir natural capacity. = 

The кровати of this principle of minimum, шеш 15 
resulted in the use of semicircular work-places as ag 4 y In 
design of cinema organ consoles and manual telephone boards. 
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industry, the design of effective work-places in assembly processes 
makes use of this principle. 

When considering layouts within the working area, it is obvious 
that movements will be kept at a minimum if the most frequently 
used equipment is nearest to hand. The principle also indicates the 
use of gravity-fed containers and drop- or spring-ejection to avoid 


(Т) HORIZONTAL PLANE 


NORMAL WORKING 
AREA (LH) ^ 


MAXIMUM 
WORKING AREA (L.H.) 


ANGLE OF VISION. 
(WITHOUT HEAD MOVEMENT) 


MAXIMUM. 
NORMAL WORKING WORKING AREA 
25 AREA 
MAXIMUM. 
WORKING AREA 


=. 


VERTICAL 
PLANES 


Fic. 8.1. NORMAL AND MAXIMUM WORKING AREAS: HORIZONTAL AND 
VERTICAL PLANES ' 


stretching unnecessarily. Obviously, it is advantageous to plan the 
work-place layout so that each movement cycle starts and finishes 
in the same locality. 

2. Simultaneous Movements 

3. Symmetrical Movements 

These two characteristics are best taken together: they suggest 
that movements of the arms and hands should be balanced by being 
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simultaneous and/or symmetrical. The anatomy of human beings 
is such that if movements are unbalanced excessive fatigue is 
caused. 

As an example of this, consider a man walking with a heavy load 
in his right hand. His body is thrown off balance by the weight and 
muscular exertion caused by his endeavour to balance himself. If 
he divided the weight equally between his left and right hands, his 
balance would be restored, and less total exertion would be necessary. 
It is also true that if the right hand is moving, the left hand tries to 
move in a similar fashion. Experiments have proved that usually 
more fatigue is induced when one hand is kept inactive while the 
other hand moves, than is the case when both hands move simul- 
taneously and symmetrically. One result of this is that workers will 
sometimes introduce extra movements which are unproductive but 
Serve to maintain balance. 

Symmetry and simultaneity are best achieved when the hands 
move to and fro along the natural area of movement. As far as 
it is possible both hands should be given tasks which are the 
“ mirror-image ” of each other. As an example, consider the diffi- 
culty of trying to draw a circle with the right hand while the left 
hand is drawing a triangle. It is much easier for both hands to 
Operate simultaneously and symmetrically drawing two circles or 
two triangles. Swinging Indian clubs is another excellent example. 

The application of this principle often requires the duplication of 
fixtures and tools, so that both hands can work at similar tasks at 
the same time. 

4. Natural Movements. This principle requires that the movements 
used should be those which can be performed most naturally by the 
body. The application of the principle includes the use of other 
limbs, fingers, etc., so that the work load is spread over those parts 
of the body best fitted to the work. To relieve the hands it pue 
practicable to use foot operation. In many cases the d in 
fourth fingers may be employed to n small parts or tools white 
the other fingers are usefully employed. 

The pails is also concerned with the correct use of деч 
and posture when weight lifting. All d of tools, seating 
€quipment are influenced by this principl e. 

5. Rhythmical Movements. This principle states tiar LM 
Should be present in movements. Rhythm may be described as, а 
Tegular repetition of a movement pattern. It is often ое 

y the accentuation of a part of the cycle. It is one of t ren 
factors on which speed is developed. When rhythm is esta м à , 
hesitations are eliminated and movements are carried out at higher 
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speeds with less fatigue. The acquisition of rhythm is particularly 
stressed when training workers in new movements. When the 
movements are established, the maintenance of rhythm eliminates 
much of the mental exertion. The provision of music to maintain 
a suitable rhythm is a well-known practice. 

6. Habitual Movements. This principle states that the movement 
pattern should be arranged so that it becomes habitual. Human 
beings possess a natural ability to form habits. When a set of 
movements is performed habitually, fatigue is at a minimum and the 
movements are carried out almost as a reflex action. However, it 
must be remembered that incorrect movements can also become 
habitual, and that a habit is difficult to eradicate. This principle 
has, therefore, a considerable bearing when workers are being 
trained in new movements. 

Application of this principle requires that tools and equipment 
should be located always in the same position relative to the worker 
in each successive cycle. Containers must also be designed so that 
supplies can always be obtained from the same position easily 
without searching and fumbling, and without demanding excessive 
eye movement. 

7. Continuous Movements. This principle is based on the fact that 
smooth, curved and continuous movements are generally preferable 
to straight movements involving sharp changes of direction. This is 
because before a hand changes its direction it must slow down and 
stop and subsequently accelerate again to its normal pace. If the 
hand has to do this frequently there is a constant state of controlled 
tension of the muscles, which induces fatigue. Smooth, continuous 
movements which employ natural momentum do not involve such 
pronounced muscle tension. 

Tools and material must be positioned at the work-place so that 
objects can be picked up without undue changes of direction, 


The Field of Vision 

In considering the characteristics of easy movement, the field of 
vision is an important factor which is all too frequently ignored. 
Where inspection work is involved it must take place within the field 
of vision of the worker and, as will be seen from Fig. 8.1, this is a 
relatively limited area. It follows that material located in a number 
of well-designed bins at different points around the perimeter of the 
normal working area can only be seen by moving the eyes. As 
excessive eye movements cause considerable fatigue, it may be 
necessary to adopt multi-tiered bins which can be located well within 
the field of vision. 
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General Considerations 

The characteristics of easy movement must be applied with 
common sense. Where they appear to conflict they should be 
applied in the manner most appropriate to the prevailing circum- 
stances. For instance, the principles of rhythmical and habitual 
movements may, in certain circumstances, indicate the desirability 
of longer movement paths than would be indicated by applying the 
principle of minimum movements. Equally, the principle of 
natural movements sets limits to the movement classifications 
used in any given movement, irrespective of the principle of 
minimum movements. 

Finally, it must be remembered that the movements must be 
carried out by human beings, and there must be sufficient flexibility 
in any set of movements to ensure that adequate relaxation is given 
to the worker. On occasion it may be necessary to introduce move- 
ments which in themselves are less economic for the sole purpose of 
using one set of muscles to rest another set which is in danger of 
being overworked. For example, workers who are employed in 
repetitive assembly work are often given the added responsibility of 
servicing their own work-place so that their arm muscles are rested 
while leg and body muscles are brought into use. 


Work Measurement 
In assessing economic manning of a job, two questions require 
answers which can only be provided by using work measurement— 


1. Are workers fully occupied, or are they limited in their 
operating time by layout, machines or equipment? 

2. Are all workers occupied to the same extent, or does their 
operating time vary so that some are less occupied than others? 
If work measurement reveals deficiencies in either of these two 

respects the new method must be reconsidered. 


Chart of the Improved Method 


When the improved method h 
structed in chart form. This is su 
same analysis as that applied to the recor 
This ensures that the improved method is 
withstand any future analysis that may be made. 


as been finally evolved, it is con- 
bjected, activity by activity, to the 
ds of the existing method. 
a logical one which will 


Submitting the Proposals 


When an improved method has 
the specialist departments concerne 


been worked out with the help of 
d, managers, supervisors, and 
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where possible the workers who will be affected, the method can be 
submitted to higher management. Getting wide support for the new 
method before it is submitted is essential. If it is felt by management 
that those who will be responsible for working it are prepared to give 
it a fair trial, they are likely to be influenced in its favour. 

As important is a clear statement of the benefits to be expected of 
the new method, and how it is to achieve these benefits. A compel- 
ling argument is that of the savings anticipated, and figures of these 
should be presented clearly, along with the details of the estimated 
costs of installing and operating the new scheme. If this statement 
is not made clear and forceful, it is likely the proposals will be 
rejected. 

It is of paramount importance in presenting the figures referred to 
that they take into account everything which is affected by the 
proposals. This can be done by establishing the initial cost of the 
installation and its annual operating cost, including maintenance, 
depreciation and insurance where applicable, for each of the 
following items— 


Land and buildings Ancillary equipment 
Power services Office equipment 
Plant and machinery Personnel 


The Report 

Many organizations have their own procedure for writing reports, 
but there are a number of specific points to consider. 

People do not like being told bluntly they have been wrong. The 
proposals for the new method may make some former procedure 
appear wasteful. Any tendency to recriminate is likely to antagonize 
management and defeat the purpose, which is simply to get the new 
method accepted. 

Unless the report is very short, it should always commence with a 
summary which should show with utmost brevity— 


1. Recommendations 
2. Reasons for recommendations 
3. Results expected from recommendations 


When a summary is included, it provides a convenient opportunity 
for outlining the purpose of the study and its conclusion and 
proposals. 

The report itself, which should be clearly written and self- 
supporting, should generally follow the order of presentation given 
above. 


Method Study: Develop and Submit 105 


_Recommendations. All means of presenting information more 

vividly should be used; charts, photographs, diagrams and figures. 
These can be incorporated in the body of the text to help to enliven 
the reading matter and to explain points more clearly. Any that 
are of a more elaborate nature and require prolonged study, should 
be included in an appendix. 
: Reasons for Recommendations. An explanation. should be 
included as to how the new method was devised and a reference 
made to all the alternatives which were considered, including the 
reasons for their rejection. Any experimental work carried out in 
order to reach the final decision should also be described in the 
report. 

Results Expected from Recommendations. The way in which the 
various parts of the organization are likely to be affected and any 
Tepercussions which may occur, should be shown in the report. It 
is particularly important to make clear to management the effect 
the new method will have on the input/output ratio of the under- 
taking, and that their approval will be required for the changes 
which will be necessary in other directions to accommodate this. 
Operating instructions for the new method, at least in general form, 
should be included for the approval of management at the same time 
that the report is accepted. 

A forecast should also be made of any difficulties which may be 
encountered when the new method is being installed or operated. 
If installation is likely to be a prolonged procedure, or something 
which, for personal or technical reasons, has to be done in several 
stages, a description of these and a time-table, not necessarily 
related to any particular period, should be included. 

The following factors should be borne in mind when this time-table 


is drawn up— 
1. Attitude of workers 


2. Production levels 
. Levels of existing stocks of material affected by the changes 
ew material and equipment 


. Delivery of supplies, л 5 А 
. Normal maintenance shut downs and stock-taking periods 


. Coincidence with costing periods : 
. Periods when staff are depleted through holidays 


Detailed and exact dates may not be necessary, nor even desirable, 
but management should be given a clear idea of what is involved if 


time is a significant factor. 
The report should always inclu: : 
various people who have assisted in the in 


моол CO 


nclude a full acknowledgement to the 
vestigation. 
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Subsequent Action 

After the report has been adjusted and agreed by management, 
alterations are recorded. A separate note should be made of any 
proposals which were rejected, together with the reasons. On some 
future occasion, the method may be reviewed again and proposals 
which were previously rejected may then prove to be acceptable in 
the light of changed conditions. 


Operating Instructions 
Before introducing the new method, the operating instructions 
approved by management in the report are issued to all concerned. 


In this way everyone will know their responsibility and subsequent 
misunderstanding will be avoided. 

In presenting operating instructions to employees in particular, 
use has been successfully made of flow process charts, which denote 
clearly the nature of each successive activity, and obviate the need 
for pages of lengthy verbal description. 


Typical Form of Report 
The outline given below was arrived at by work study men and 


report-writing specialists in consultation, and has been adopted by 
one large company— 


FORM OF WORK STUDY REPORT SUBMITTING 
PROPOSALS TO MANAGEMENT 


1. Summary 

1.1. The first section of a “ submit " report should take the form 
of a summary. This should be a summary of the report, not of the 
investigation and should include a statement of costs and savings 
where appropriate. 

1.2. This section should answer the question “ What is in the 
report?” 


2. Summary of Recommendations 
2.1. This paragraph should set out concisely the recommendations 
made as a result of the investigation. 


3. Introduction 


3.1. An introduction should follow containing the reasons for 
carrying out the investigation and setting out its terms of reference. 

3.2. This section should answer the question “ Why is the report 
presented ? ” 
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4. Acknowledgements 

4.1. If acknowledgements are included they should follow the 
summary of recommendations and introduction. Acknowledgements 
should normally be made only to those whose assistance has been 
given beyond their normal duties. 

4.2. For example, acknowledgements should not be made to the 
management staff of a plant on which an investigation is carried out. 


5. The Existing Situation 

Р 5.1. Should describe the situation to be investigated. Only suffi- 
cient detail should be included to enable the reader to understand 
the logical development of the report, to follow the details of the 
investigation and appreciate the reasoning behind the recommenda- 


tions. 
5.2 Comment on the facts presented should be avoided at this 


Stage. 

5.3. The text should be self-supporting; if tables or diagrams are 
included they should not be allowed to interfere with easy reading 
of the report. Extensive tabulations, diagrams and other supporting 
data should be added in appendixes and a clear indication made in 
the text as to their contents and significance. 


6. The Work Study Approach to the Existing Situation 

6.1. Should include a broad reference to the work study tech- 
niques used and to the economic reasons for their choice. 

6.2. Any modification to the terms of reference should be recorded 
here, together with any information drawn from outside sources. 
This section should be very brief and designed to answer the question 


“ How was the job tackled? ” 


7. Extraction and Evaluation of Relevant Factors 
7.1. Should embody the main discussion of the report. Attention 
should be drawn here to the relevant facts revealed by the investiga- 


tion and their significance should be discussed. | і 
7.2. This section should support the recommendations which 


follow and indicate any conspicuous lines of thought that have been 


Tejected together with the reasons for so doing. р 
7.3. Тһе reader must be left іп no doubt as to what is fact and 


what is comment and discussion. 


8. Recommendations 


8.1 Should make a clear 
out in accordance with the terms of reference. 


statement of the recommendations set 
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8.2. Further specific recommendations falling outside the terms of 
reference should be included if this seems appropriate, though such 
recommendations are often better made by letter. 

8.3. Recommendations should be divided into short- and long- 
term and arranged in a logical sequence. Whether this should 
correspond to the sequence of the process or the importance of the 
recommendations depends on the nature of the application. 


9. Implications for Management 


9.1. Should include, as appropriate, reference to— 
Costs and savings. 
Other benefits which cannot be costed. 
Likely effects of the adoption of the recommendations on— 
Staff and labour. 
Materials. 
Plant and Equipment. 
Suggested programme for installation. 
Training requirements. 
9.2. An indication should be made as to where responsibilities 
for action Пе. 
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Method Study: Install and Maintain 


As a result of following the basic procedure of method study, the 
stage is eventually reached at which the agreed method is ready to 
be put into practice. Installation will require the active support of 
everyone concerned, and is by no means simple. An opportune 
moment must be chosen for installing the method, and no attempt 
should be made to introduce the changes until adequate prepara- 
tion has been made. This includes finding alternative work 
for any workers who may be displaced as a result of the new 
method, 

Operating instructions covering every detail of the new method 
will have been issued. As a consequence, everybody will have had 
ample opportunity to read them, and all should understand how 
they will be affected by the changes, and the part they have to play 
in their introduction. 

Throughout the course of the study, the opportunity should have 
been taken to establish good working relationships at all levels, so 
that all who have taken part in the discussions leading to the 
improvements can feel that they have themselves contributed to the 
Scheme. It is just as important for people less intimately concerned 
With the scheme—for instance, other employees who may be working 
Near at hand—to be brought into the picture so that they too realize 
the need for and purpose of the change. Reference has been made 
to these aspects, generally, in Chapters 3 and 4. 
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The new method can now be installed in the knowledge that people 
have confidence in it, and will support it. 
The installation should be made in two stages— 


1. Preparation 
2. Installation 


There are many considerations under both these headings. The 
extent to which they will apply in particular cases will depend on the 
nature and scope of the changes to be made. 

For some of the work involved the work study department will 
always be actively responsible. For the remainder, in which 
executive action has to be taken by one or more of the service or 
operating departments concerned, the work study officer’s role 
becomes one of advisor and co-ordinator. From the very nature of 
the considerations listed in Chapter 8 it will be clear that the work 
of installation must always be a co-operative affair. The work study 
department performs the function of ensuring that the scheme is 
implemented according to the recommendations made and accepted 
in the report. The confidence of management in the possibilities of 
work study and in the competence of its practitioners is an essential 
prerequisite for success. 


Preparation 
Detailed preparation must be made before the actual installation 
takes place. This preparation can be broken down into three 
stages— 
1. Plan 
2. Arrange 
3. Rehearse 


Plan 
A general programme for the installation should be drawn up— 


1. One person only should have responsibility during installa- 
tion of the method, and all should know who that person is. He 
may need to delegate his authority, but everyone should know in 
whom final responsibility and authority rest. 

2. If the installation is to take place in stages, and they have not 
already been announced before preparation of the report, actual 
dates should be fixed for each stage. These should be selected so 
that they are convenient both for the people responsible for or 
affected by the installations and for the process itself. 

3. Copies of any time-table drawn up to cover the installation 
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should be brought into line with the dates selected for each stage. 
It may be advisable for this to be in much more detail than the 
form in which it appeared in the report. 


Arrange 
The necessary detailed arrangements should be made— 


1. Check all layouts in detail to ensure that all the necessary 
plant, tools and equipment are available, and that services are laid 
on. Ensure that anything which has to be specially made has 
been ordered, and that everything will be ready when required. 

2. Arrange for the running-down of old stocks and the building- 
up of necessary new stocks of materials in advance of the 
installation. 

3. Check the availability and continuity of all supplies and 
services, 

4. Set up any additional or new clerical records which may be 
required for purposes of control and comparison. 

5. If changes in hours of working are involved, e.g. from day 
to shift work—make sure that warning is given to auxiliary 
services such as transport, canteens, etc. 

6. Select the number and ability of the workers for the new 
method carefully. This is particularly important when team-work 
is involved. Try to avoid any difficulties which may arise between 
those selected for the new method and any who may remain on 
the old. 

7. Provide the necessary training. This must not be skimped 
and needs to be very thorough, especially where team-work is 
required. Where practicable, training should take place away 
from the production line, preferably in an independent training 
department. 

8. Anticipate wage and payment problems and settle them well 
in advance. Be sure that the wages and costing departments know 
when the new method is to be installed. 

9. Advise every one concerned of the plans and time-table for 
the installation. 


Rehearse 
It is frequently beneficial to give the improved method a trial run— 


1. The rehearsal should usually take place while the old method 
is still operating, and may have to be conducted outside normal 
working hours so that there is no interference with normal 


production. 


м. 
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2. Ensure that all inspections have been allowed for, so that 
proper quality standards will be maintained. 

3. All departments affected by the change should be represented 
at the rehearsal. 


Installation 


When all detailed preparations have been made and a successful 
rehearsal has been held, the actual installation can take place— 


1. The physical aspect of the changeover of methods can 
generally be made outside normal working hours. Often a 
week-end or holiday is a suitable opportunity, because there will 
be sufficient time to alter layouts and install plant and equipment 
without affecting regular production. 

2. The first few days of operating the new method are 
critical. During this time very intimate supervision will be 
necessary. This extra supervision should be continued until all 
workers are thoroughly familiar with their job. It is advisable to 
hold meetings each day with the supervisors concerned so that 
progress can be discussed. 

3. In spite of every effort to ensure that the method is the best 
and most practical, there may be some part of it which does not 
turn out as well in practice as had been anticipated. In these cases 
some modification may have to be made. If alterations are made 
to the method, the operating instructions should be modified 
accordingly. 

4. During the initial period after installation a close watch 
should be kept for any prejudice against parts of the method 
among workers, and the reasons should be sought immediately. 

5. Weak links should be bolstered by extra training. It may be 
necessary to replace unsuitable personnel, or to increase tempo- 
rarily the labour allotted to parts of the method. 

6. A close watch should be kept of the effect which the new 
method is having on stocks. 

7. Tact and restraint are required throughout the period of the 
installation. Ample credit should be given where deserved. 


When the heads of the departments concerned are satisfied that 
the new method is running smoothly, and are prepared to accept it 
as a going concern, the installation can be considered complete. 


Maintaining the New Method 


After an improved method has been installed and is operating 
satisfactorily, it does not necessarily follow that its benefits can be 
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maintained without further effort. The conditions are liable to 
change from time to time, and this may mean that some of the 
assumptions upon which the improved method was built up are no 
longer valid. The labour for manning the improved method will 
have been allotted on the basis of the work content of the method as 
set out in the operating instructions. Consequently any changes may 
alter the balance between the work content and the labour allotted 
for carrying out the method. The method should be reviewed at 
intervals to make allowances for any changes. 
Changes can arise from three main sources— 


1. There can be deliberate and discernible alterations and 
improvements to method for good reason. 

2. Changes may take place as a result of suggestion schemes. 

3. Minor innovations may be introduced by the worker or by 
immediate supervision. 


Where changes in method are introduced deliberately by manage- 
ment, the work study officer must be notified in advance so that he 
can make the necessary allowances for the effect which they will have 
on the operation of the method. This should not present difficulties 
providing liaison exists between the sections concerned and the work 
study section. A copy of the operating instructions should always 
be available in the section concerned. 

Changes of a minor nature are liable to creep into the method from 
time to time, causing a gradual drift away from the authorized 
method of operation. The most effective means of revealing these 
changes of method is to institute a regular review of current practice. 


Reviewing the Method 

The frequency with which a method should be reviewed will 
depend on the nature of the work. The main purpose of the review 
is to discover whether there are any discrepancies between the 
authorized procedure as defined in the operating instructions and 
current practice at the time of the review. 

Reasons for any variations in the method must be investigated. 
Any changes that have occurred for valid reasons should be accepted 
and the operating instructions amended accordingly. If operating 
instructions are to remain “live” documents and show current 
practice they must be amended as soon as authorized changes in the 
method are revealed. In accepting any change in hod the 
work study officer should ensure that credit for i 


given where it is due. 
Where the review reveals that there are п 


114 Work Study 


the method, measures should be taken, through supervision, to 
ensure that the method reverts to the authorized procedure. 
Changes which are made unofficially often cause inefficiency, such 
as deterioration in quality and safety standards, and duplication of 
work. It is particularly important in the period immediately follow- 
ing the installation to see that the defects of the old method are not 
revived by habit in the new method. 

A further aspect which should be noted in the periodic review of 
the method is the long-term reaction to the improvements, both on 
the part of the workers using the method and on the part of other 
sections who were affected by the changes when they were made. 
Much useful experience can be gained from their reactions to the 
improvements which have been introduced, and these reactions may 
provide clues which will disclose still further possibilities of 
improvement. 

Finally, when methods are reviewed an excellent opportunity 
exists for making the organization " method-conscious." When the 
benefits to be obtained from method study are fully appreciated it 
can be applied on a much wider scale within the organization, with 
the active support and co-operation of all concerned. 


Cumulative Effects of Method Study 


The fact that management are taking active steps in promoting 
method study means that within a short space of time the whole 
organization becomes method study conscious. The systematic 
approach of method study can be applied almost anywhere within 
the enterprise. Almost any task can be improved, provided that it is 
systematically analysed and thoroughly examined, yet it is surprising 
how often a worker comes to feel that management is not really 
interested in improvements he may suggest for his own job, with the 
result that all too frequently he loses the inclination to view it 
critically. He allows the routine of the job to obscure his search for 
all those little improvements, the sum of which make up the big 
improvements. By integrating method study into the normal 
process of management, the search for improvement becomes 4 
matter of accepted and normal routine throughout an organization. 

The human implications of the Install and Maintain stages are 
dealt with fully in Chapter 4. 


Work Measurement: Introduction 


Tue measurement of human work has always been a problem for 
management, as plans for the provision of goods or services to a 
reliable programme and at a predetermined cost are often dependent 
on the accuracy with which the amount and type of human work 
involved can be forecast and organized. While it has commonly 
been the practice to make estimates and set targets based on past 
experience, these too frequently prove a rough and unsatisfactory 
guide. 

Work measurement, by enabling target times to be set, into which 
are incorporated rest allowances appropriate to the type of work 
involved, provides a far more satisfactory basis on which to plan. 
It has been defined by the British Standards Institution as— 


The application of techniques designed to establish the time for a 
qualified worker to carry out a specified job at a defined level of 
performance. 


In this sense it includes those aspects of work study which are 
outside the province of method study (see Chapters 5 to 9). This 
separation of techniques, as illustrated diagrammatically in Fig 2.1. 
is, however, purely for convenience of description. In practice the 
most satisfactory results are achieved only when the appropriate tech- 
niques from each field are applied to problems as complementary 
activities. 
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Even though absolute accuracy cannot be claimed for values 
arrived at by using the techniques of work measurement, properly 
trained observers can obtain a high degree of consistency in their 
results and are able to measure acceptably many different types of 
work. As use of the techniques extends, it is being found that they 
can be successfully applied to certain routine operations with a high 
content of mental work, such as reading gauges, sorting parts, etc. 
Work of a completely mental nature or which is purely creative, 
however, has not so far been measured on a practical basis. 


The Objectives 

Using as a target the times established for jobs at the defined 
level of performance, work measurement will be found to have the 
following uses— 

1. To assist in method study by comparison of times for alter- 
native methods, and for allocating labour to jobs in proportion 
to the work involved so that the labour on a job is properly 
balanced. 

2. To enable realistic schedules of work to be prepared by 
relating reasonably accurate assessments of human work to plant 
capacity. 

3. As the basis of realistic and fair incentive schemes. 

4. To assist in the organization of labour by enabling a daily 
comparison to be made between actual times and target times. 

5. As a basis for labour budgeting and budgetary control 
systems. 

6. To enable estimates to be prepared of future labour require- 
ments and costs. 


Work Measurement Techniques 

For the purpose of work measurement, work may be regarded as 
repetitive or non-repetitive. By repetitive is meant that type of work 
in which the main operation or group of operations recurs con- 
tinuously during the time spent at the job. This applies equally to 
work cycles of extremely short duration as, for instance, light press- 
work jobs, and to those of several minutes’ or even hours’ duration. 

Non-repetitive work includes some types of maintenance and con- 
struction work, where the work cycle itself is hardly ever repeated 
identically. Even in such work, however, as will be shown later, 
many of the same small movements and groups of movements occur 
repeatedly, and are often common to quite different jobs, such as 
painting and bricklaying. It is this fact which has made it possible 
to apply certain work measurement techniques to this type of work. 
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_ The techniques which are in general use, and which are described 
in this book are as follow— 


1. Time study } Applicable to repetitive 
2. Synthesis from element times work. 

or synthetic data Applicable to non-repe- 
3. Analytical estimating } titive work. 


The general procedure is shown in Fig. 11.3, but this diagram should 
be qualified by the following considerations— 


New Practice in Work Measurement 

It has largely been the practice in the past to measure a job by the 
appropriate technique from start to finish. It has become increasingly 
apparent, however, that to use only one technique for a whole job 
may be wasteful, because many of the elements in different jobs are 
identical, and in consequence they are measured over and over 
again. In the early practice of work measurement in an organization 
this is the only practical method; but after some years the practice 
of work measurement tends more and more towards the pattern of 
breaking the job into its elements, consulting the records of previous 
studies for the basic times of as many of these elements as possible, 
and only then measuring the remaining elements by an appropriate 
technique. 

The practice of work measurement can therefore be depicted thus— 


(a) The job is broken down into its elements. 

(b) For the elements of human work, the records of basic times 
are consulted for this time for each element. 

(c) For those elements for which there is no basic time already 
available, the basic time is determined by the appropriate work 
measurement techniques. 

(d) The values so determined for any of the elements which 
could conceivably recur in another job are added to the records 
of basic times. 

(е) The proportion of rest required is assessed and added to the 
basic time, to arrive at the time for doing the work at the standard 
rate of working and for recovering from the effort, i.e. the work 
content. 

(f) The addition of the relaxation allowance may be made 
element by element (when the work contents of the elements are 
summed to obtain the work content for the human work in the 
job) or the basic times for the elements may be summed and the 
relaxation allowance added jobwise, again to give the work content. 
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(g) The necessary technical data are collected for any machines 
involved in the job. 

(А) The values for the human work, the technical data and any 
other appropriate allowances are combined to arrive at the 
standard time for the job. 

The records of basic times for elements are termed synthetic data 
and the compilation of as much synthetic data as possible for future 
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Fic. 10.1. New APPROACH TO WORK MEASUREMENT 


use is an important objective of any work measurement study 
programme. 

The whole practice is represented in Fig. 10.1. 

Note that this procedure regards the compilation of data as the 
basic work measurement job. Where practice in a firm has developed 
this far, or where students are learning this approach to measurement, 
the co-ordinated procedure diagram (Fig. 11.3, page 128) will need 
modification. 


Rate of Working 


The actual time taken to do a job depends on the rate of working 
maintained by the individual concerned. In practice variations 
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in this rate result from a variety of different causes. To facilitate 
calculation, work measurement values, unless otherwise stated, are 
always related to what is termed standard performance. 

By standard performance is meant the optimum rate of output 
that can be achieved by a qualified worker as an average for a 
working day or shift, due allowance being made for the necessary 
time required for rest. (An idea of what this means in practice can 
usually be obtained by observing the performance of workers 
whose output is paid for on a piece-work basis.) 

A qualified worker is one who is physically and mentally suited to 
the job he is given, and who has acquired the necessary skill and 
knowledge to carry out the work it involves to satisfactory standards 


of safety, quantity and quality. 


The Unit of Work 

The unit of work is founded on the notion that the human work 
content of many different types of job can be expressed quantita- 
tively in terms of acommon unit. In this unit provision is made both 
for the effort called for by the job and for an appropriate rest allow- 
ance, In order to achieve consistency in its application, this allow- 
ance is always related to the concept of a standard rate of working. 
In practice this is represented by the average effectiveness at which 
a qualified worker will naturally work on a job when he knows 
and adheres to a specified method and is suitably motivated. If a 
worker maintains the standard rate of working as an average over 
the day or shift after taking whatever relaxation allowance is due to 
him, the principle is that he will average а fixed number of units of 
work per hour irrespective of the type of work upon which he has 
been engaged. This particular number of units of work per hour will 
depend upon the scale of measurement adopted by an organization 
(60 per hour is convenient for many purposes). Whatever it is, this 
number is taken to represent what is termed standard performance 
and provides a datum against which subsequent applications of the 
results of work measurement are made. Additional allowances out- 
side the work content are made as necessary to cover additional 
plant or machine running times in order to enable overall times to 


be set. ў 
When expressed іп units 
should be related to its mos 


of work the work content of any job 
t suitable characteristic for planning, 
control, costing, payment, and other purposes Gie., per part handled, 
per ton processed, per dozen packed, etc.); and in this form may be 
compared directly with any other job on a quantitative basis. 
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Comparison by Units of Work 

An allowance for rest, which varies according to the mental and 
physical effort involved in each job, is included in human work 
values assessed by the techniques of work measurement. The 
observed working times for different parts of a job are first each 
adjusted to allow for the extent to which the worker under scrutiny 
is deemed to have varied from what is termed the standard rate of 
working (which is described in Chapter 11). After addition of the 
relaxation allowance (R.A.) appropriate to the work, the resultant 
values are totalled to give a value for the complete job in composite 
units, each of which represents an equivalent amount of effort by the 
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Fic. 10.2. REPRESENTATION OF UNITS оғ WORK 


worker. These composite units are referred to as units of work, a 
constant number of which is produced in one hour when a job is carried 
out at standard performance, irrespective of the nature of the work. 


Definition 


In making these points clear the following definition of a unit of 
work and the diagram above may be of assistance— 

A unit of work consists partly of effort and partly of rest, the pro- 
portion of rest varying with the nature of the job. 

Units of work for light, medium and heavy jobs having relaxation 
allowances of 10 per cent, 20 per cent and 30 per cent respectively, 
might thus be represented as illustrated in Fig. 10.2. 

Since the value of the unit of work itself does not depend upon the 
type of job, and, consequently, the proportion of rest allowed, 
different jobs can be directly compared with each other on the quan- 
titative basis of their work contents: for instance, a job valued at 4 
units of work may be considered as having half the work content of 
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one valued at 8 units and twice that of one which is valued at 2 units, 
Irrespective of the fact that the proportion of relaxation may be 
different in each case. 


Duration of the Unit of Work 

Because it is intended to represent a certain amount of work, 
together with an appropriate period of relaxation, the unit of work 
as such has no absolute time value; other things being equal, one 
worker may take more or less time than another to perform a job 
containing the same number of units of work simply because he 
works at a different level of performance, In order to establish and 
use work contents, therefore, it is necessary to associate the rate at 
which units of work are accomplished with a definite level of working 
performance, 

For the purpose of the examples given in this book a basis of 60 
units of work per hour at standard performance has been adopted as 
a datum, and units of such value denoted as standard minutes (SM). 
The SM will thus have а time-equivalent of ji of an hour or 1 
minute when a man works exactly at standard performance. 

(Some other systems of evaluation in use have as their basis 1, 80 
Ог 133 units of work per hour at standard performance.) 
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Time Study: Principles and 
Procedure 


Time study is the basic technique of work measurement since it is 
concerned with the direct observation of work while it is being per- 
formed. As one object of work measurement is to enable target 
times to be set with which to compare the results subsequently 
achieved, and thereby exercise control, direct time study is only of 
use for repetitive work, that is to say, for any job which is subse- 
quently going to be repeated under the circumstances which applied 
and by the method used while the study was being taken. 

An important feature of time study is the way in which the accu- 
racy of the results obtained improves as the number of occasions 
upon which the operation is observed increases. It is a matter of 
economics as to whether time study is merited on jobs which are 
likely to be of short duration or in which the repetitive element is 
small. It is possible to establish formulae relating estimated job 
duration to average cost of production time study, which will be of 
assistance in making the decision in the case of border-line examples. 

The following are the four essentials for the time study of any 
job— 

1. An accurate specification of where the job begins and where 
it ends, and of the method by which it is to be carried out, including 
details of material, equipment, conditions, etc. 
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2. A system of recording the observed (actual) times taken by 
workers to do the job while under observation. 

3. A clear concept of what is meant by standard rating, which is 
described later in this chapter. 

4. A means of assessing the amount of rest which should be 
associated with the job. 


Time Scales 

Much of the value of the ordered work study approach lies in the 
speed with which it enables results to be obtained. It follows, there- 
fore, that anything which affects the time required for working up a 
study, as the process of calculation is termed, should be understood by 
anyone who has administrative responsibility for work measurement 
in an organization. For this reason the choice of time scale to be 
used should not be looked upon only as a matter of detail. Although 
the same answer will be obtained with each of the scales commonly 
employed, the work involved in arriving at this answer will vary 
according to which is actually used and the purpose for which the 
information is required. 


Decimal-minutes 

The decimal-minute system as used їп this book, where observa- 
tions are recorded in centiminutes (CM) and, thereafter, times are 
expressed in minutes and decimal fractions of a minute, will be 
found perfectly satisfactory for most applications. Stop-watches 
having a dial calibrated 0-100 over which the sweep hand revolves 
once per minute are readily available. The system has the advantage 
of simplifying both recording and calculation, and gives a slightly 
more accurate result than using seconds as basic time units. 


Seconds 


Although the second is an establish 
poses, the significance of which is east 


measurement makes recording and ca wh i 
While this does not affect the accuracy of the results, it is a marke 


disadvantage in the case of long studies, and there is a tendency 
among many firms who have been using second-type watches for 
Work measurement to convert them to decimal-minute watches by 


having the dials changed. 


hed unit of time for many pur- 
ly appreciated, its use for work 
Iculation somewhat clumsy. 


Decimal-hours 


Decimal-hour stop: 
revolutions per hour or 1 every 36s 


-watches, in which the sweep hand makes 100 
econds, are available as standard 
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equipment (see Fig. 11.1). One hundredth of an hour can be des- 
cribed as a decimal-hour unit and abbreviated to CH. Incomplete 
revolutions of the sweep hand will represent decimal fractions of a 
CH, e.g. in Fig. 11.1, 0-67 CH is indicated. 

The use of the decimal-hour system is considered to be convenient 
for long-cycle work, particularly in conjunction with the concept of 
standard performance as either i or 100 units of work per hour, 
instead of 60 units of work per hour as used in the illustrations in 


Fic. 111. DECIMAL-HOUR STOP WATCH 


this book. There are two objections which are frequently raised to 
the use of decimal-hour systems for work measurement purposes, 
namely— 


1. The recording of observed times to four places of decimals 
(in accordance with the calibration of the decimal-hour dial) is not 
convenient, while times expressed in this way are difficult to handle 
during calculation. 

2. Even though it is desirable for estimating, loading and other 
purposes to have operation times expressed in hours and decimal 
fractions of an hour, the significance of such times is difficult to 
explain to the workers concerned. 
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For recording purposes, however, the decimal points can be omitted 
(for instance 67 would be recorded in the case of Fig. 11.1). Similarly 
1} units, for instance, would be recorded as 125. Decimal points can 
be inserted at the stage of deriving the selected basic element times 
on the time study analysis sheet (Fig. 11.17) in the same way as with 
decimal-minutes. Thereafter all calculations can be performed accor- 
ding to the procedure outlined in the main text of this book but in 
terms of CH instead of minutes. 

The necessity for workers to be able to understand clearly the 
significance of work measurement is of prime importance, and no 
attempt to introduce any system should be made until it is clear that 
this requirement can be met. Where times are issued in terms of hours 
and decimal hours, it may be helpful to provide some form of 
conversion table, similar to that given in Fig. 11.2. 

Some examples in the use of the table will illustrate the procedure— 


1. To convert 3-47 CH to minutes and seconds— 

In the table 3-47 appears in minute column 2 and second line 5 
2. 3:47 CH = 2 min 5 sec 
2. To convert 5:28 min to CH— 

Read off the CH value which is 8:80 
2. 5:28 min = 8:80 CH. 
3. To express 13 min 7 sec as decimal fraction of an hour— 

First from the table, 7 sec is equivalent to 0-12 min .. value 
to be converted to 13-12 min. А 

Since the table gives values directly only up to 9-98 min, read 
off CH value for 1-312 min (or 1:31, to two decimal places) and 
multiply by 10— 
1:31 min is equivalent to 2-18 CH 
7. 13-12 min is equivalent to 21-8 CH or 0-218 hours 
it will be apparent that a table of the 
type given can be made use of in several ways. In addition to enab- 
ling job times to be expressed in any desired form for planning and 
other purposes in places where an incentive scheme based on work 
study is in operation, because it is so simple to use, it may be advan- 
tageous to have a copy of the table displayed in a prominent position 
so that workers can make their own reference to it. 


From the foregoing examples 


Using the Decimal-hour Watch 
Competence in the use of the 
acquired by observers (some prac 
the greater speed of the sweep һап 
vert minute watches for this purpose, 


decimal-hour stop-watch is easily 
tice is necessary to become used to 
d), but as it is not feasible to con- 
decimal-hour watches will 


MINUTES 


wore 


DECIMAL-HOUR UNITS (HOURS-+ 100) 
Fic. 11.2. TIME Conversion TABLE 
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have to be provided. Thus, although the decision to use a decimal- 
hour time scale is comparatively straightforward when made at the 
time of introduction of work measurement, in the case of companies 
already using other systems the cost of replacement of watches will 
have to be carefully weighed against the benefits expected. 

It will be clear that, depending on the type of work, e.g., work 
involving long or short time cycles, the most appropriate and con- 
venient time scales and stop watches should be selected. In general, 
for most industrial work, the decimal-minute scale, with the related 
watch, is in widest use. 


The Concept of Standard Rating 

Time study is based on a record of the observed times for doing a 
job together with an assessment of the effectiveness of working of 
the worker in relation to a concept combining, separately or together, 
one or more factors necessary to the carrying out of the job, such 
as speed of movement, effort, dexterity, consistency. Assuming 
that the worker also takes the proportion of rest allotted to the job 
he is doing, this optimum effectiveness applied to the “ effort 
portion of the job will enable him to produce, without becoming 
more than healthily tired, standard performance over the working 
period, i.e. one standard hour per hour or 60 standard minutes per 
hour. For the purposes of this book, all references to units of work 
are in standard minutes (SM). 1 NP 

Thus, standard performance results when the work ina job is 
done at ideal degree of effectiveness and the appropriate relaxation 
allowance is taken in full. While neither the worker nor theamount of 
work which will make him no more than reasonably tired are defin- 
able in a strictly scientific sense, it has been found that, in the long 
run, standard performance can be maintained throughout the year 
Without over-exertion and consequent detriment to health. 

A scale has therefore been fixed giving this ideal of effectiveness a 
value of 100, and this is designated as the standard rating. Observers 
are trained to be able to recognize the conditions of standard rating, 
and to assess to the nearest five points the degree to which a worker’s 
Observed speed and effectiveness vary from the 100” concept. 
The procedure in which this assessment is noted simultaneously 
with the observed time is known as rating. | : 

Although his preliminary training will have included rating a 
cises and training with rating films, to be able satisfactorily to make 
Tatings in practice the observer must on each occasion, rg E 
mencing a study, acquire a thorough understanding of the job to be 
studied. Before he is called in to make a time study, the job should 
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Fic. 11.3. WORK MEASUREMENT PROCEDURE 


(See pages 117-18) 
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calculations of standardized times that rating plays an essential 
part. Observers experienced in the use of a particular scale may, of 
course, feel it convenient to continue using their own scale. It is 
more satisfactory, however, to provide opportunities for observers 
to become competent in the use of the company’s official rating scale, 
whatever it is, since this will reduce the possibility of misunderstand- 
ings between the various persons concerned. 


Breaking the Task into Elements 

It is found in practice that a worker’s ratings may vary not only 
from cycle to cycle of a job, but frequently also within each cycle 
itself. As this would make it difficult to make an overall rating for 
the period of the study, or even a separate rating for each cycle, it 
is customary before starting a time study to break down into what 
are called elements all jobs but those having a very short cycle time. 
These elements, each of which should preferably be between 10 and 
50 centiminutes’ (6 and 30 seconds) duration for direct time study 
purposes, represent the parts or phases into which an operation can 
be conveniently divided for timing and rating purposes. 

When breaking the job down into elements it is essential that 
they should each be clearly distinguishable. Observation of the fol- 
lowing principles will be of assistance— 


1. Separate elements which are identical from those which are 
variable in the work they comprise. 

2. Separate heavy work from light work. 

3. When convenient use audible points in the work, such as the 
snap of a switch or the sound of an article dropping into a 
container, as element break-points. 


Long-cycle Repetitive Work 

Sometimes elements occupying considerably longer than 50 centi- 
minutes (3 minute) are unavoidable because no break-point can be 
established within that time. Break-points are then arbitrarily made 
every } minute and a rating recorded. The rating for the whole 
element will be the weighted average value of the ratings for the 
portions of the elements. 


Short-cycle Repetitive Work 

In some types of work, such as labelling bottles, metal press work, 
filling contairíel$, etc., many elements and sometimes complete cycle 
times will be of less than 10 centiminutes' duration. This presents 
problems both in taking the actual times of the elements and in the 
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rating. There are two usual ways in which such problems are over- 
come— 


1. The overall time of a number of cycles of exactly similar 
elements occurring in succession is taken and an overall rating is 
made, The observed time for one of the cycles or elements can 
then be obtained by dividing this overall time by the number of 


cycles or elements observed. > 
2. The element is observed in isolation, that is to say, а number 
of separate rated times are recorded at convenient moments with- 


ү ay attempt to include them in the main continuous study of 
€ Job. 


Rating and Standardized Time 

Rating the speed, effort and effectiveness of a man's work on each 
element against a concept of standard is done so that observed times 
can be converted into basic times. Basic times are those which would 
have been taken had the work been done at 100 rating, without any 
relaxation allowance being taken. 

Thus, if we require the basic time for an element which has been 
Observed to take 20 centiminutes (12 seconds), and has been rated at 
110, this would be 


20 x 
a = 22 centiminutes (or 13 seconds) 


Motion Pattern 

To improve accuracy of rating in highly repetitive work, it may 
pay to study the basic motion pattern by the micromotion analysis 
techniques, and then train workers in the best pattern for each 
element of the work. 

Or most time study work, however, such studies will be found ps 

expensive and the work study officer must appreciate from his 
Nowledge of the work being done what movements are necessary 
an d how those movements should be made. For instance, the size, 
Weight, shape and position of an object will determine how best to 
pick it up. Ifa heavy hammer is used to nail a small packing case 
p motion pattern will be different from that used when ce 
Ong nail into a fence. If a worker has to Wear gloves to han Е 
sharp-sided iron sheets, his motion pattern will be clumsy ш ars 
Parison with his pattern when moving smooth-edged sheets WI 

are hands, If, when sawing wood, there is à decrease in anne 
Pressure on the saw, it will be necessary to use more strokes 
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complete the job, and so a change in the overall motion pattern will 
have occurred. 


Requirements for Satisfactory Ratings 

1. An ample supply of work must be available. 

2. Ratings must not be influenced by restrictions imposed by the 
nature of the work, such as the time required for an automatically- 
controlled item of plant to function or a process reaction to take 
place, or by the fixed rate of achievement demanded by a conveyor 
line: these are recorded separately. 

3. Ratings should refer to the attainment of the minimum acceptable 
quality specifications; no credit should be given for attaininga quality 
higher than this minimum. (There are occasions when best possible 
quality may be required and any improvement above the minimum 
acceptable may be of real value. In such cases, each change in quality 
is essentially a change in the specification of the work and should 
be treated as such.) 


Factors Affecting Ratings 

It may be that, because of adverse conditions beyond his control, 
a worker takes longer to perform an element on one occasion than 
on another, even though his speed, effort and effectiveness of working 
are greater and his rating consequently higher. The following are 
some of the factors which can be the cause of this— 


Effectiveness 

Factors which will influence the effectiveness of a man’s work must 
be clearly recognized according to whether or not they are within 
the worker’s control— 


(a) Outside the worker’s control 

1. Variations in quality or specification of the materials used, 
although these materials are within prescribed tolerance limits. 

2. Changes in the operating efficiency of tools or equipment 
within their useful life. 

3. Minor changes in methods or conditions of operation. 

4. Changes in lighting, temperature, climate and other tem- 
porary conditions of environment. 

5. Variations in the mental attention necessary for the per- 
formance of certain elements of the work. 


(b) Dependent on the worker 


1. Variations in the quality of work within the specification. 
2. The degree to which the worker is suited and accustomed to 
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his work, determined not only by his physical and mental faculties, 
but also by his past training, acquired skill and knowledge. 

3. The attitude of mind of the worker which will affect his 
desire to get the work done quickly. This includes interest and 
pride in the job, the opinion held of supervisors, and many other 
psychological factors, some of which may have nothing to do 
with the job. 


Speed 
Factors which will affect speed are— 


(a) The type of effort demanded by the job 

Generally, a demand for increased physical effort will lead to a 
slower speed. For example, the speed of turning a particular 
handwheel will largely depend on the resistance to be overcome. 
The facility with which physical effort can be increased to over- 
come harsher resistance must influence rating, which is considering 
speed of working in terms of expenditure of energy. For example, 
there is a difference in carrying a heavy load comfortably balanced 
on the shoulders and carrying the same load by hand. 


(b) The care required on the part of the worker 

A need for increased care in carrying out an element of work 
will also reduce speed. For example, threading a piece of string 
through a curtain ring can easily be done using rapid movements, 
but if the string is to be threaded through the eye ofa bagging 
needle it is necessary to control the movements carefully, and in 
consequence they are made less rapidly, even though no less 
effort may be involved. 


Because various factors will influence a worker’s motion patterns 
and speed and effectiveness in different ways, the observer must be 
familiar with the motion pattern followed by an average worker 
suited and accustomed to his work, and with how this pattern might 
change to meet the varied range of conditions. | | 

ұлығы the work study uber will find no great difficulty in 
attaining consistency in the 75-110 range of raine ere I 
the vast majority of assessments lie. To “ rate” at higher "i Ы оты 
Tates of working requires greater skill, and should be avoide 4 ata 
Possible, or should be checked against a nearer average Worker E 
the same work. By careful training of staff and by cross-checking 9 
assessments, consistency of rating between observers can be assure 


to a high degree. 
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Time Study Procedure 

Before work study is introduced in an organization, care should 
be taken to ensure that those who will be affected by it have been 
kept informed as to the intention and purpose of using it. In parti- 
cular, no attempt should be made to apply the work measurement 
techniques without prior consultation between management and the 
work-people’s representatives (see Chapter 3). 

On first entry into each department the work study officer should 
be accompanied by a member of the management, who should intro- 
duce him to the foreman, who should in turn introduce him to the 
members of the works council or production committee, and to the 
shop stewards. The officer should then take the earliest opportunity 
to spend some time in the department gaining a knowledge of the 
work and forming his concept of standard for the purpose of rating. 

Thereafter, whenever he is required to make a study of an opera- 
tion he should always make a special point of seeing the foreman ог 
his deputy before approaching any worker. With the assistance of 
the foreman or his deputy, and as a result of his own observations, 
the work study officer will then note which are the steady workers 
among those concerned. In consultation with the work-people’s 
representative he will then select from among them one he considers 
temperamentally suited with whom to begin his study. 

However much a worker wishes to help, he is likely to give an 
artificial performance when first observed. Helpful workers tend to 
show how good they can be and to omit normal breaks: 
workers passively accepting observation of their work are sometimes 
inwardly resentful, particularly in the early stages of the study. Thus, 
in any study it is as well to assume that the first studies made on the 
job serve only to familiarize the observer with the work and to 
accustom the worker to being observed. 

The responsible work study officer should now plan the study 
taking into account the following factors— 

1. Job breakdown 

2. Element break-points | 

3. Establishing synthetic data both for cycle and element times 
This responsible work study officer should co-ordinate all future 
studies particularly of similar operations or operations with impor- 
tant elements in them. 


The Tools of Time Study 


The Stop-watch. In the design of watch recommended, whatever 
the time scale used, the winding knob returns both hands to zero 
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when pressed and, immediately pressure is released, the watch 
restarts. This is known as a flyback type of watch. If it is desired to 
stop the watch completely, this can be done by means ofa slide along- 
side the winder which halts the hands at the position they were in at 
the moment of bringing the slide into action. 

Whatever type of watch is used, it is important that it should be 
checked for accuracy at regular intervals. After use the watch should 
be allowed to run down to preserve the spring. For safety in use, 
the stop-watch should be clipped to the study board, or held by a 
thong round the finger. 

The Study Board. A study board is used to hold the study summary 
record sheet and the observation record (time study) continuation 
sheets which are shown in Figs. 11.5 and 11.6. It is made to give a 
good surface for writing without being large enough to interfere with 
observation of the worker being studied. The top may be shaped to 
facilitate holding in the left hand, and have a clip fitted into which 
the stop-watch can be securely fixed. 


Taking the Study 

The study summary sheet should now be filled in as far as is shown 
in Fig. 11.7. Note that although the observation record sheet illus- 
trated has four columns (W, X, Y and Z), space may be saved if 
required by giving three columns only, in which case columns X and 
Y are combined and figures showing ineffective or check time are 
circled to distinguish them from observed times. 

To facilitate rating the job should then be broken down into 
elements, which should be listed commencing on the first of the 
observation record (time study) continuation sheets, as in Fig. 11.8. 
At the end of each element description the break-point should be 
indicated whenever possible. 

To start the study a clock must be found which is suitable for 
establishing a time check. Electric clocks of the impulse type 
which move visibly and audibly every 30 seconds are particularly 
suitable. When no clock is near another stop-watch can be used. 
The use of wrist-watches, because of the vagaries of some types, is 
not recommended. 

The stop-watch is set in motion at an exact time observed on the 
clock, and must remain in motion until completion of the study. 
The exact time it is started is entered on the study summary record 
in the space headed “ time check.” | 

The work study officer then goes to the job and, after introducing 
himself to the worker, stands some distance away so as not to be in 
his way. The stop-watch and study board are held well up in line 
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SHEET REF. | OR/I 


OBSERVATION RECORD (TIME STUDY) STUDY REF. 1А 
ОАТЕ 26 - 10. 56. 


ELEMENT DESCRIPTION 


BROUGHT FORWARD 
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with the operation being studied so that reading the stop-watch and 
recording the rating can be done while maintaining observation of 
all the worker’s movements throughout the job. 

Flyback Timing. As the worker commences the first element, 
the watch is clicked back to zero, the time which has elapsed between 
taking the time check and the start of the first element being entered 
in the column headed “ Ineffective or check time ” on the observa- 
tion record sheet. This entry is marked “ check time ” in the column 
provided for description of the elements. (When using a decimal- 
scale watch, times should be expressed in one or two figures only, 
no decimal point being necessary at this stage.) The watch is zeroed 
similarly at the conclusion of each element. 

Cumulative Timing. By this method the position of the stop-watch 
hand is recorded at the commencement of the study and at the end 
of each element without ever returning it to zero. The individual 
element times are afterwards arrived at by subtraction of successive 
readings. 

Towards the end of the first element its number and rating are 
entered in the appropriate columns, and at the arrival of the break- 
point the time indicated is put down. Any unusual happening 
during or between elements, such as a fumble by the worker, must 
be mentioned in the element description column. It is most impor- 
tant that any time during which the worker is not performing one 
of the elements should be recorded in the ineffective time column of 
the study sheet, and a note made of the cause of the delay. 

Ineffective time refers to periods during which the man is not 
working, or is doing work not forming a necessary part of the 
particular job being studied. Whatever the cause of the ineffective 
time, it should be most carefully noted. Some causes of ineffective 
time are as follows— 


1. Management responsible. Waiting for work, instructions, 
material or equipment. қ 

2. Worker responsible. Stopping work to talk unnecessarily 
with neighbour, etc. 

3. Contingencies. Consultation with supervision, fellow workers, 
other departments. Obtaining special equipment, instructions, 
drawings, etc. 


The remaining elements are then treated in the same way. Between 
cycles the work study officer should change his position so as to be 
sure that he is getting a full view of the work. 

It should be an inflexible rule that no erasures are permitted on 
time study sheets. If an error in a time or rating figure is noticed at 
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the time it is made, it should be struck out immediately and the 


right value inserted alongside. If it is not noticed until some time 
later it can only be regarded as suspect and not valid for inclusion 
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in the subsequent calculations. No attempt should ever be made to 
alter an observed time or rating figure after completion of the study. 


Closing the Study 


The cycle of elements should be repeatedly studied until the 
observer is satisfied he has sufficient data to proceed with the sub- 
sequent calculations which are involved. А 

When the last element of the last cycle is completed the watch is 
read and is left running until it can be compared with the clock by 
which it was started. At an exact time by the clock, the stop-watch 
is halted by use of the slide. The time by the clock is noted on the 
study summary record, and the reading indicated on the stop-watch 
entered at the end of the last sheet in the “ Ineffective time " column 
and marked “ check time." Columns X and Y are then totalled, after 
which the observation record sheets will be complete to the extent 
shown in Figs. 11.9, 11.10 and 11.11. At this stage a sketch of the 
layout of the operation with all the relevant dimensions will usually 
be made on the back of the sheet (as shown in Fig. 11.12). The 
information contained in this sketch is important since, together 
with the element breakdown, it defines the method observed. 
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ШЕ STUDY SUMMARY RECORD 
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No. OF CYCLES WORKING CONDITIONS QUATY Speen, С./2. 
QUANTITY Normat 


H ew onaren Bl 


Fic. 11.13. STUDY SUMMARY RECORD WITH TIME-CHECK INFORMATION 


The information in the “біте check” section of the study summary 
record is now calculated to test the validity of the study. If the 
timing error is less than an agreed maximum (in the order of 1-2 per 
cent) then the information contained in the study can be used. If it 
is outside this limit the study must be discarded and a new one made. 

From Fig. 11.13 it will be noticed that in the present example the 


timing error is just 1:5 per cent. 
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“ Extension" of Observed Times 

After a number of observed times and corresponding ratings have 
been recorded for each of the elements of a job, and delays segre- 
gated and described, the next stage is to work out the basic time for 
each actual time noted. This process is termed extension, and as 
has been shown consists of finding out what time would have been 
taken to perform each element had the worker been working at 
exactly 100 rating. Each observed time for every element is multi- 
plied by the corresponding rating, and the result divided by the 
standard rating (100 in the present instance)— 


Observed time x Observed rating 
Standard rating 


In practice extension involves a great deal of repetitive work which 
is often done by juniors with tables or calculating machines so as to 
release the work study officer for more technical work. Each basic 
time should be entered in the appropriate column of the observation 
record sheet alongside the corresponding observed time and rating. 
If desired, coloured pencil can be used to distinguish between infor- 
mation obtained during study and calculations made afterwards. 

The stage will now have been reached where the observation 
record sheets present the appearance shown in Figs. 11.14, 11.15 and 
11.16. 


Basic time = 


Obtaining a Selected Basic Time per Element 

The next step is to arrive at the selected basic time for each element. 
This is derived from an analysis of the list of basic times worked out 
for each element in the manner described, and choosing or calculat- 
ing one for each which is considered to be representative. 

Usually, and particularly in the case of highly repetitive work 
where variations in the basic times for each element are ordinarily 
very small, the straight arithmetic average is selected. This is ob- 
tained in the usual manner, by dividing the sum of the basic times 
for an element by the number of occasions it was observed. 

In the present example this has been done in the time study 
analysis sheet in Fig. 11.17. 

In certain operations, however, there may be frequent variations 
in the work involved in an element. For example, raw materials, 
steam pressure or machine speeds could vary within prescribed 
quality limits so as to make an appreciable difference in the times 
taken to perform the element. 

In such cases the method of graphic average may be used. Ob- 
served times for the element are plotted against the reciprocals of 
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s. A straight line is then projected from 
the origin of the graph and through the points plotted at such an 
angle as to equalize their scatter about it. The time corresponding 
to the position at which this line crosses the standard rating co- 
ordinate is taken to represent the selected basic time for the element 
concerned. Fig. 11.18 illustrates the procedure with an example 


taken from a different study. 
» 


their corresponding rating: 
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Summary of Time Studies 

The elements, together with their respective selected basic times, 
are now listed on the study summary record together with a note of 
the number of occasions each was observed (Fig. 11.19). It is recom- 
mended at this stage that such times be expressed in minutes to 
three decimal places. 

It now remains to carry forward the results to a “ Work measure- 
ment set-up sheet ” as shown in Fig. 11.20. At the head of this sheet 
information relating to the operation is filled in. The study number, 
together with the name of the observer, is entered in the first of the 
columns provided. The elements are then listed in turn in the 
“element description” column and the selected basic times for each 
entered in the manner shown. 

Except in the case of simple, repetitive tasks of constant cycle time, 
it will not generally be possible to devise a sound work value from 
the results of a single study. Even where normal variations and 
conditions of work can be taken account of in one study, the op- 
portunity should be taken where possible to repeat the study by 
different observers and with different workers. The additional 
selected basic times so obtained should be added to the same set-up 


sheet. 
When the responsible 
studies have been made, 


work study officer judges that sufficient 
the average basic time for each clement is 
worked out by simple addition and division, after which the “ fre- 
quency of occurrence ” column, which refers to the number of times 
the element occurs per cycle of work, is filled in. In the next column 
the average basic time per cycle is then calculated by multiplying the 
average basic element time by the frequency. The set-up sheet in 
Fig. 11.21 has been completed to this stage, the results of three fur- 


ther time studies having been included. 
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Relaxation and Contingency 
Allowances 


THE basic time per cycle required b 
each element at standard s 


personal needs. 


Relaxation allowance, abbreviated to RA, is an allowance of time 
made to a worker for personal needs and for recovery from the 
fatigue caused by doing his job. It will obviously vary from job to 
job according to the type of work; thus the heavier the work, and 
the higher the expenditure of energy, the greater will be this 
allowance. 

As it is a principle of work study that the worker shall be able to 
achieve standard 
without becoming more than reas 
allowed is calculated on this basis. 

Basic time per cycle, relaxation an 


d contingency allowances are 
then combined to give the units of wo 


rk required. 
Analytical Approach 

Relaxation allowance is expressed as a percentage of the average 
basi 


Sic time for each element. The elements are preferably considered 
156 
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separately on account of the frequently diverse nature of the work 
making up an operation. 

The problem of fatigue is one to which a considerable amount of 
attention has been devoted in recent years, and research activity in 
this field is still in progress. For the purposes of work study it is 
unlikely, however, that much more of practical value will emerge 
for some time. To facilitate the assessment of relaxation allowances 
for inclusion in the work content, therefore, eight major known 
causes of fatigue have been listed, together with the main variations 
to which each is subject. Each of these variations has been given a 
percentage value by which to increase the average basic time гог the 
element concerned. These percentages have been arrived at as a 
result of considerable experience in the application of work 


measurement techniques. 
The causes themselves can be classified as follow— 


A. Energy output E. 
B. Posture F. 
C. Motions G. 


Personal needs 
Thermal conditions 
Atmospheric conditions 


D. Visual fatigue H. Other influences of environment 


The table! on pages 158 and 159 shows the way in which these factors 
are used to determine suitable percentage values by which to increase 
the selected basic time for each element cycle time. The use of tables 
of this type has enabled different work study officers to attain a high 
degree of consistency when assessing relaxation allowance for the 
same job. It cannot be emphasized too strongly, however, that the 
satisfactory computation of RA is something for which considerable 
training and experience are necessary. The indiscriminate use of 
tables such as that given is something which management should 


actively discourage. 


1 (a) These tables are intended as a guide in assessing the relaxation allow- 


ances for individual elements. 
(b) Although allowances are us 
ments for elements incurring high 
followed by elements incurring less. 
factor present in an element should 


(с) The appropriate allowance for any е п 
not be aver ent the influence of other factors upon it has been considered. 


(d) Only in A, D and E has a separate allowance been indicated for women. 
Discretion should be used when assessing allowances for women under other 
factors. 

е) When special protective clothing such as gloves, footwear, suits or goggles 
о to be э ын additional fatigue may arise. Care should therefore be taken 
in making allowances under factors A, C, D, F and G. 


sually additive for individual elements, assess- 
allowances may require reduction when 
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It is realized that in special cases the effects of other factors 
connected with fatigue, such as working at heights, cumulative 
fatigue and many others, are insufficiently understood. They are 
not, therefore, usually allowed for in such tables, since further 
research will be necessary before generally accepted values can be 
associated with them. For the present, when the exceptional 
circumstances in which they do occur are applicable, rough assess- 
ments are first made by extrapolation from the tables being used. 
From these assessments working values are eventually established 


by agreement between management and the representatives of the 
work-people concerned. 


Special Considerations 


In many companies it js customary, if the RA for any individual 
element falls below 10 per cent, to check that this would not have the 
effect of reducing the total RA for the complete task below the same 
value. If it is found that this would happen—which may be the 
case when the work is carried out under excellent physical and 
psychological conditions, or where substantial periods of waiting 
time are an integral feature of the job—the RA for the complete 


job is set at the minimum figure of 10 per cent of the total of the 
basic element times. 


Short-cycle Tepetitive work normall 
than long-cycle work. This is becaus 
Set of muscles causes th 
complete recovery from 
monotony may also bec 
be possible to reduce the relative effect of 
small alternative duties such a 
own materials from stock, 

Generally, when an RA 
may be regarded as a criticism of ma 
particular, since mechanical aids s 


y requires slightly more RA 
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Relaxation Allowance Computation 

With these considerations in mind, the assessment of RA can now 
be made. This is done by filling in the appropriate values in the 
“RA Computation " section of the study summary record, every 
factor being considered in turn for each element. 

When all the factors for each element have been considered and a 
percentage RA allotted as applicable, the total percentage for each 
element is summed and entered in the “ Total ” column, as shown 
in Fig. 12.1. 

When more than one study is carried out, it may be considered 
sufficient to compute RA values once only, in which case it is done 
on the summary record for the last study made. The totals arrived 
at on this are then transferred to the work measurement set-up sheet. 
Alternatively, a separate assessment may be made each time a study 
is carried out. The final RA values entered on the work measure- 
ment set-up sheet are then determined from an assessment of all the 


separate computations. 


Standard Time 

The average basic time for each element on the set-up sheet is now 
increased by its appropriate RA percentage. 

In the case of the first element of the operation under consideration 
this would give— 

Average basic time m 214 per cent relaxation allowance _ 0-20 
(0:165 min) (0:035 min) Ja 

This is the work content (in standard minutes) for the element 
concerned and is entered in the appropriate column of the set-up 
sheet. 
The work content for each remaining element is similarly calcu- 
lated. The series is then totalled as shown in Fig. 12.2 to give the 
work content of the complete job. The final work content may 


include a contingency allowance of which a description is given 


below. 
It is recommended that the work content for complete jobs should 


be expressed to two significant figures. 


Contingency Allowances 

In certain types of work a worker’s job may include a number of 
minor activities which may be so spasmodic or infrequent that work 
measurement cannot be undertaken economically. To provide for 
this a contingency allowance expressed as a percentage of the basic 
times may be included in the work content for the job. The activities 
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covered by the contingency allowance must be clearly specified, and 
any such allowances must be carefully computed for the particular 
conditions relating to each job. 


Examples of such activities are— 


1. Consultation with supervision or other departments 
2. Sharpening of tools 


3. Obtaining special purpose equipment from a central pool 
4. Drawing special stores 


Allocating Rest 


Although each unit of work or fraction thereof which goes to 
make up the work content of every job includes the appropriate 
percentage of relaxation allowance, it is, of course, seldom practic- 
able for the worker to take this in small increments. What actually 
happens is that, while a small proportion may be taken between 
elements ог cycles, the majority accumulates until it represents 
several minutes, when it may be used in a number of ways. 

Sometimes managements arrange for tea and light refreshments 
to be available at certain times, though a proportion of the relaxation 
allowance must be left to the discretion of the workers. If workers 
are left to take the whole allowance at their own discretion they may 


work for too long a period before taking rest and so incur excessive 
cumulative fatigue, 


13 seri mici me mem СЕ 


Synthesis from Elemental Data 


Many jobs involve the manufacture or processing of products in 
which the work, while generally of the same type, is not continuously 
repetitive in the way referred to in Chapter 10. For instance, a 
worker in a boxmaking department may be given the job of making 
quantities of boxes which vary from batch to batch as regards size 
and shape, but for all of which the same general method of construc- 
tion is used. Again, a machine worker may be required to produce 
articles which vary from day to day in some respects but remain 
identical in others. 

In this and similar instances time study of every operation would 
be an extravagance, even if it were feasible. A characteristic of this 
type of work, however, is that, while a complete group of elements 
may not repeat itself for the days and weeks often necessary to 
justify separate study, certain individual elements may be common 
to the entire range of variations and recur repeatedly in different 
combinations. The situation has been likened to the alphabet, in 


which groups of letters common to many other words can, by 


suitable arrangement and repetition, be made to form the particular 


word required at a given moment. In fact, it may be found that 
many elements are common not only to variations in a certain type 
of work but also to many other jobs within a very wide range. 

In order to take advantage of this characteristic it is necessary to 
have available a stock of data relating to the elements involved. It 
then becomes feasible to arrive at work contents by a process of 
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synthesis for operations within the range covered. Furthermore, 
times can be estimated for jobs that do not yet exist, і.е. in new 
plants, and thus used for the comparison of alternative proposed 
methods. 

The means by which the required data are accumulated, stored 
and used calls for careful planning in what must be regarded in the 
nature of a long-term investment, 


Establishing Synthetic Data 


Most of the data required will be derived from time studies carried 
out generally along the lines already outlined. Since the rate of 
accumulation of data is slow if it relies on chance contributions from 
studies made entirely for immediate purposes, it is usual for a series 
of special studies to be made. These are carefully planned to cover 
as complete a range of conditions and specifications as will be met 
in practice, care being taken to ensure that like elements are identified 
with each other. A more Systematic (and cheaper) method is to plan 
the whole work measurement activity on the basis that all the tech- 
niques (including time study) are directed at obtaining and storing 
synthetic data. (See page 167.) 

For instance, for an operation involving the filling of bottles, a 
Series of time studies might be made covering varying sizes and types 
of bottle from the smallest to the largest and for the complete range 
of fluids encountered, 

In making a study of this kind, certain points arise which require 
particular attention. If the study is to be successful there must be 


minimum. For example, in procuring empty drums from storage 
Stacked three high, the element “ get drum ” will be a variable 


of very short duration which it may not be practicable to treat by 
the general method set 


the short elements may be observed in isolation as explained at (2), 
page 131. Alternatively, if the pattern of work lends itself to such 
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treatment, the short element may be combined with an adjacent 
longer element having a frequency of more than once per cycle and 
the short element time obtained by difference. These two methods 
are known respectively as selective and differential timing. In many 
cases the most satisfactory way of measuring very short elements 
will be by the use of predetermined motion times as explained below. 

Just as the first requirement of synthetic data is that work 
measurement studies shall be designed to produce them, so the 
second (and equally important) requirement is that the results are 
recorded in a way which will ensure complete understanding and 
facilitate application. While the other work measurement techniques 
require investigation of the job and a clear record of what has taken 
place, their results are not necessarily exposed to the tests to which 
synthetic data are subject. To ensure complete understanding, 
therefore, studies for this purpose really consist of analyses of the 
situations in which the data are produced relative to the way in 
which they are likely to be used. Everything of significance must be 
recorded explicitly so that the data may be used in complete inde- 
pendence of the authors of the original studies. 


Classification of Synthetic Data 

The simplicity with which synthetic data can be applied will 
depend very largely on the suitability of the classification system 
adopted. This will normally vary with the type of information 
recorded as well as the way in which it can be most conveniently 
used. Special consideration must be given to the clerical work 
involved in classification since, if this is excessive, it will nullify one 
of the particular advantages of this technique—economy of effort. 

Although synthesis is sometimes performed with data incorporat- 
ing relaxation allowance, there is a growing preference for basic 
element times to be used without any provision for RA. In addition 
to simplifying the method of classification, data in this form are 
much more satisfactory as the allowances appropriate to the 
circumstances can then be added and accounted for in the normal 
way at the usual stage of calculation. (See Fig. 12.1, page 162.) 

The manner in which synthetic data are classified depends mainly 
upon the circumstances under which they will be used. For opera- 
tions likely to be of a highly repetitive nature, careful element-by- 
element synthesis is necessary. In selecting the actual elements listed, 
account would be taken of the method, location and workers, as 
well as materials and equipment concerned, and full details of these 


would accompany the work content issued. | 
In the case of less repetitive work, where the same degree of detail 
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is not necessary, it may be sufficient to use data represented in the 
form of a curve or even a family of curves. Again, however, very 


are valid. This syst 
readings which ma 
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reasonably accurately; the number of variables which can be 
accommodated, is, however, limited. 

In special circumstances synthetic data may be used as the basis of 
formulae or for the preparation of nomographs to enable element or 
operation times to be obtained by calculation. 

In addition to data arrived at by the manner described, several 
proprietary systems have been developed which enable synthesis 
to be carried out using predetermined motion times as the basis of 


calculation. 


Predetermined Motion Time Standards 

In addition to synthetic data arrived at by time study of job ele- 
ments, there are several systems of standards based on the elementary 
human motions, on which all human work is based. The techniques 
developed in the 1930s; the first of the well known systems being 
called “ work-factor," which originated in 1934 in a large manu- 
facturing corporation in Philadelphia. The object was to eliminate 
the element of human judgement in conventional stop-watch time 
study. The basic time values and the means of modifying the values 
for different classes of motions were developed through thousands 
of observations involving special measuring devices. In 1941 the 
Methods Engineering Council in Pittsburgh made some refinements 
in the systems hitherto made public and a parallel work was done 
by the Methods-Time Measurement (** M.T.M.") Association. 

Work factor recognizes certain basic motions which are modified 
by elements of difficulty, all of which tend to make movements 
slower: weight or resistance, directional control, the need for care, 
change of direction, and stopping a motion by manual control. Each 
such feature is called a “ work factor ” and modifies the basic time 
value. 
In M.T.M. the basic motions are analysed in greater detail and 
the predetermined times, therefore, need no modification. Several 
British companies have adopted and adapted these systems under 
the general heading of P.M.T.S. (Predetermined Motion Time 


Systems) - the British Standard term. 


The theory behind the systems is 1 dust 
conditions can be regarded as consisting of different combinations 


of a relatively small number of basic motions. Since it has been 
demonstrated that within practical limits the time required for 
Skilled workers to perform any one of these basic motions is constant, 
then by synthesis it is possible to construct patterns of basic motions 
for such work and to build up time values from them. 


that manual work in industrial 
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The following is the British Standard definition of P.M.T.S.— 


A work measurement technique whereby times established for basic 
human motions (classified according to the nature of the motion and 
the conditions under which it is made) are used to build up the time for 
a job at a defined level of performance. 


The technique analyses any manual operation or method into the 
basic motions required to perform it, and assigns to each motion a 
predetermined time, which has been determined by the nature of the 
motion and the conditions under which it is made. 

The data were obtained from studies of operators working under 
normal industrial conditions. Accurate observations of the motions 
and their times were made by means of a special type of a synchro- 
nous cine-camera. The data were based upon a large sample of 
different types of operator, of differing ages and both sexes, working 
in different localities. In order to bring the times for all motions to 
a common level, it was necessary to rate operators while the film 
record was being made. This was done on each occasion by at least 
three trained observers who rated each job as it was being filmed. 
By analysing the levelled times, isolating suitable “ basic motions ” 
and determining the importance and effect of the variables, a short 
but comprehensive table of data was constructed. There are twenty- 
three basic motions used in P.M.T.S.; whereas time study elements 
normally have a basic time of about 0-10 to 0:50 minutes, basic times 
for these motions fall between 0-001 and 0-04 minutes. The data are 
therefore expressed in milliminutes. Fig. 13.2 shows how basic times 
may be synthesized by using a simplified form of P.M.T.S. 

As has been explained, several sources of element times may be 
used in arriving at a basic time. Generally, however, the choice of 
source is controlled by questions of cost and accuracy. When the 
savings to be expected are small, the “ coarser " techniques may be 
used; similarly, the data required at design stage will be flexible as 
to accuracy. Less flexible data will be required for planning mainten- 
ance and production, while for incentive purposes the source of work 
measurement data must be as accurate as can be. In this connexion, 
of course, synthetic data are less accurate than P.M.T.S. 


Synthesizing the Work Content of Operations 
It is most important that synthesis should only be applied to 
operations made up of elements coming within the range of studies 


(by dimension, shape, weight, etc.) to which the data are applicable. 
The first stage of application is then to decide which elements are 
constant and are not influenced by changes In the physical charac- 
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teristics of the object on which the operation is performed, and which 
elements are variable. 

For constant elements, basic times should be available in the tables 
to be assigned without further consideration. 

For those elements which are subject to variation in the work 
involved because of differences in the physical characteristics of 
different objects worked on (as, for example, in the case of painting 
different surfaces or using different kinds of paint), the basic times 
must be obtained from the available data by inspection. This 
requires a proper appreciation of the controlling factor before 
suitable times can be selected. Special cases may be found where a 
number of factors operate so that their combined effect is the 
significant variable. Such cases call for more detailed investigation 
involving the aid of Statistical treatment, 

When a basic time for each element of the operation has been 
obtained the sequence of elements should again be checked to ensure 
that it conforms to the prescribed method of working and fulfils the 
operation specification, 

Relaxation allowance is then allotted and the work content of the 
Operation determined in the usual way using the study summary 
record and set-up sheets already illustrated, 


work, including repetitive work, provided the necessary data are 
available. The main advantage of synthesis is the reduced cost of 
‘application. It has been claimed that it has effected savings of up to 
90 per cent of the cost of time study. The savings will depend very 
much on the type of Operation but it is certain that, with practice, the 
synthetic method can be used to determine work content as satisfac- 
torily and more economically than the time study method. 

Apart from production applications, information on the human 
work content of different tasks is often required in connexion with 
the design of plant and the layout of shops and work-places, usually 
before production commences. By means of synthesis it is possible 


to establish times which are equally satisfactory for planning and 
production control Purposes 


14 


Analytical Estimating 


ANALYTICAL estimating is used for measuring non-repetitive work 
when it has not been possible to compile sufficient data to enable 
basic times to be synthesized for all the elements involved. The same 
principle of breaking the job down into elements is observed as in 
other work measurement techniques, except that those elements for 
which times are to be estimated are of longer duration than elements 
for timing and rating. The technique serves all the basic purposes 
of other work measurement techniques, though it is slightly less 
precise owing to the greater reliance on judgement. It is being 
satisfactorily used in engineering maintenance as well as in engineer- 
ing construction, and its use is likely to be extended to many aspects 


of process work and other fields. 


Training for Analytical Estimating 

The key to the whole technique lies in the character and ability of 
the estimator. If he has been a skilled craftsman in the type of work 
for which he is to estimate times, he is better qualified to form 
accurate estimates of the work involved. His judgements are also 
more likely to be accepted by workers. | 

It is important that, as soon as possible after his selection, an 
estimator should be given a status equal to that of a supervisor. He 
must also receive thorough training in work study to enable him to 
acquire a reliable concept of standard rate of working on which to 


base estimates of basic time. 
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As supervisors will have to co-operate closely with the estimator 
they too should be given some training in work study so that they 
understand the principles of the technique, and are able satisfactorily 
to describe jobs to the estimator well in advance. In particular the 


ANALYTICAL ESTIMATE SHEET 


WORKS/DEPT, A | ESTIMATE: 4,236 


Chan and. inspect Read snub and. tack bearings 


DESCRIPTION OF JOB 


PLANT OR EQUIPMENT: CAG. 5 Conveyor 
HEHENT MINS AT STANDARD RATING 
Ін TRADESMAN | mate | LEAD TIME 
l| Proezed. t job with tots, Cock off аал. 3-00 | 4.20 | 4-20 
24 Кете Raad bearing сар - 2x 5%" teeth | 2.40 | - 2:40 
3 Сёаал out grease and examina bearing- (9o | Fae: | т-во 
4| Карбаса Geanng cap feo | = 1-80 
5. Repeat eliments 2-4 inclusive X | 6:00 | 1-20 9:00 
6| Cran snub Раша, - 7.80 
T| Remove guard - 2x 6" „д CawRwart) | 3-00 | 3.00 | 3-00 
8.| Place 2 Gars through. Apokeas and Pack 6-00 | 6:00 | 6-00 
m Beankg cap- 2х AA nuts (very awh oand) 3-00 | — Sion 
10, Clean out grease and examina beanig 3-00 | 1-80 || 3-00 
П.) Replace bearing cap ado | = 2-40 


12. Repeat Laments 9-11 Феда X | 8-40 | ^80 | 8.40 
Remove bars and replace guard 
1) Proceed t taie end 

# 
Remove Guard - 4x% bolts (very dirty, ) 4.80 | 4.90 | 4.80 
16) Clean off тала bearing = 4-20 | 4-20 
Remove bearing cap ~ 2x ба" boets 2-40 


Clean out Fase and inspect 
"| Raptaee cap 


4-20 | 420 | 4.20 
“о 1-80 1-80 


= 2.40 
bearing | 2.40 | I-20 | 2.40 


1-80 - 1-80 
20) Rap Caca Guard 4-20 | 4:20 | 4-20 
29 Rapeak ements 15-20 цасаа x | 15-60 | 14-40 | 19-80 
22.) Unlock buitek and делеле tools . 3.00 | 3-00 | 3-00 
LABOUR REQUIREMENTS: TOTAL & STANDARD RATING 81-00 | 64-80| 93-60 
тк 
АРЫН. АБН ALLOWANCE (17%) 12-16 | 9.72 | (4-04 
MATES [= 
WORK CONTENT 93-15 | 74.52| 107.64 
UNOCCUPIED TIME 16-36 | 36 
ت‎ 
OVERALL TIME FOR JOB AT 
STANDARD PERFORMANCE (Say) по 


Fic. 14.1, ANALYTICAL ESTIMATE SHEET: COMPLETED 
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method by which operations are to be carried out should always be 
discussed and agreed between supervisor and estimator. In the case 
of disagreement, the work study officer to whom the estimator is 
responsible may have to be consulted. 


Element Breakdown 

J It will be shown that the elements listed cover the entire operation, 
including all tradesmen’s and mates’ work, as applicable. Once the 
best method has been agreed with the supervisor, the estimator can 
prepare an element breakdown on an estimate form of the type 
shown in Fig. 14.1. When a tradesman has a mate, as much unskilled 
work as possible should be allocated to him, and the standard times 
indicated for the mate are based on this policy, each standard time 
being derived separately for every member of the team. 

Since it is convenient for the estimator to base his estimates on his 
knowledge of standard rate of working, i.e. in times at 100 rating, 
basic time is used throughout in analytical estimating. 

When all the elements have been treated in this way the times are 
totalled as shown in the example, and a blanket RA added. This 
allowance is in fact a predetermined fixed allowance covering a 
group of similar jobs, usually varying from 10-20 per cent of the 
total basic time. Finally, if it is appropriate, a “ policy allowance ” 
(described in Chapter 17) may be added as a percentage of the total 
basic time, after which the allowed time of the job for each tradesman 
and mate and the time for the complete job can be calculated. 

In construction and maintenance work where teams are frequently 
composed of several skilled and unskilled men working together, it 
is often worth while to prepare a multiple activity chart so that the 
most satisfactory method of working can be estimated for. 


Abnormal Work and Team Work 
When estimating, careful note must be taken of the conditions 

under which a job has to be carried out. This is particularly 
important in maintenance work. The degree of abnormality should 
be specified against each element for record purposes. For instance, 
times for removing a nut from a bolt might vary owing to the 
following conditions— 

1. Easy—nut and bolt well greased 

2, Moderate—nut and bolt rusted 

3. Difficult—nut seized, requiring splitting off 


Each of these classifications can be further conditioned by factors 
such as accessibility, lighting, etc. 


W.S.—G. 
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A feature of maintenance work in particular is the occurrence of 
factors which cannot always be foreseen and provided for in the 
original estimate, e.g., bad weather, excessive adjustment. Such 
factors. have the effect of increasing the overall time required for the 
job, and should always be accounted for afterwards by Tequiring 
the tradesman to submit an “ extra work authorization ” detailing 
exactly what was involved. In this way it becomes possible to keep 
a check on the validity of issued times. 


Use of Synthetic Data 


When analytical estimating is first introduced into a department 
the work of the estimator is likely to be slow because of absence of 
synthetic data to assist in building up his estimates. These data will 
consist of overall basic times for groups of elements, some of which 
are derived from time studies and others from previous estimates. 
The availability of such data can substantially reduce the time 
required to prepare Many estimates. It is important from the outset, 
therefore, to set up an efficient filing system to file records of jobs 
as they are done. Synthetic data should also be collected from all 
available Sources, and sorted to ensure that proper use can be made 
of the times under conditions Prevailing in the department concerned. 


The following are some of the lines along which an estimator can 
work— 


1. Synthetic data can be used for walking to various areas of 
the site. These times can be evaluated from a site plan. 


2. Times for climbing Structures, ladders, etc., can be deter- 
mined and filed. 


3. Estimated times for t 


he elements of a job can be filed for 
use again when they occur 


Subsequently. 


Many proprietary filing systems ari 
them can be adapted to enable the 
information in a minimum of time, 
covered, data can be filed under mai 


€ available, and the majority of 
estimator to give the required 
According to the type of work 
n headings such as— 


1. Plant or sections of plant 
2. Categories of jobs 


Each main heading can have subsections for similar work. Further 
subdivision should be made if subsections become unwieldy. Data 


in day-to-day use should be collected in book form and kept close 
to hand for ease of reference, 
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Estimator Loading 

It is not possible to give firm figures regarding the number of 
workers an estimator can cover satisfactorily as the number is largely 
determined by the type of work covered— 


1. Routine work. Once initial estimates are made for work of 
this nature, little further work is required from the estimator apart 
from checking at specified intervals that no changes have occurred. 

2. Planned work of a repetitive nature. For such work the 
estimator is only involved in the preparation of the original 
estimates. 

3. Breakdown work. For a section in which work is well 
planned, breakdown work will be small. However, when estimates 
are required for general planning or for incentive application, 
because such work is of a non-repetitive nature an estimator must 
be in a position to prepare an estimate without delaying execution 
of the job. 

4. Work consisting of many jobs of short duration. Such jobs 
can often be grouped within one estimate but generally take up a 


high percentage of an estimator's time. 
y the first two headings the estimator's work is 


proportionately less, and in such cases a group of twenty or more 
workers may be dealt with. If there js much breakdown work or 
work of short duration, however, ten workers may be a maximum. 

The quantity of synthetic data available will also exercise a 
considerable effect on the number of estimators required for a given 


number of workers. 


For work covered b 
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Activity Sampling 


IN certain types of work it may not be practicable to use the work 
measurement techniques so far described, either to establish work 
contents directly or for the Purpose of building up a fund of synthetic 


perations are taking place, for example, 
certain types of office work, 
especially if team working is involved. 
Often, however, it is desirable for management to know reason- 
ably accurately what is taking place in such situations in terms of the 
Proportion of time being devoted to each type of activity. When 
this is the case, the work study officer can have recourse to a technique 
similar to that used in the field of statistical quality control where, 
by examining the results obtained from a comparatively small 
sample of the product, it has been found feasible to estimate within 
Specified limits of accuracy the proportion of defective articles in the 
very much larger quantity from which the sample was taken. 
of a satisfactory procedure, the proportion 
can Бе {акеп as representing, within the 
ortion existing in the total quantity. 
© spent doing work can be considered as 
number of individual moments, during each of 
ate of activity or inactivity (delay) prevails. On 
ampling technique calling for only a fraction of 
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the time and effort which would be required by a full-time study can 
be used, the sample in this case consisting of a number of individual 
moments selected at random intervals from a representative period 
of the job. From direct observation a record is made of the particu- 
lar activity in progress at each of these moments; subject again to 
the adoption of a satisfactory procedure, the results for the sample 
can be used to estimate within definable limits the proportion of job 
time being occupied by each type of activity and delay recorded. 


Studies Using Activity Sampling 

The particular technique most often used in this type of study is 
known as Activity Sampling. A characteristic of this type of study 
is that it is aimed at providing a record of what is actually taking 
place at the instant the job is observed; it is not a record of what 
the observer thinks should be happening, nor what has just happened 
nor is about to take place, no matter how close to the moment of 
observation such other activities actually occur. For instance, even 
if the worker is on the point of starting his machine when the 
observer arrives, unless the machine has actually started the entry 
made on the observation sheet records the appropriate type of 
machine inactivity. 

The principle can be illustrated by means of a simple example— 

In the case of a single machine the only information which may be 
required is how its total time is divided between two types of activity, 
working and not working, during an 8-hour day. Continuous 
observation over this period might show the following state of 
d portions indicate working time— 


4 HOURS 4HOURS 
Total period of continuous observa- 
tion = 8-0 hours 
Total non-working time = 2 hours 


Non чен time as а percentage of _ 20 O сз росс 
ota F 

Now, suppose activity sampling had been ca 
taking thirty random observations over the same 8- 


follows— 


rried out.independently, 
hour period as 


4 HOURS 4 HOURS 
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Number of random observations =30 
Number of non-work observations 
(marked *) =11 


Number of non-working observa- 


tions as a percentage of total number = 11 x 100 = 36-7 per cent 
of random observations 30 


2. Proportion of non-working time estimated as a percentage of 
total time = 36-7 per cent. 


Accuracy of Results 


It is evident that the result obtained by activity sampling in the 
foregoing example differs from that obtained by continuous study. 
Had the observer made more frequent visits and obtained a larger 
number of random observations, then his estimate of the non- 
working time would have been closer to the result obtained by con- 
tinuous study. In fact it can be shown that the number of random 
observations to be made depends on the degree of accuracy required. 
In practice it has been found that a ninety-five per cent guarantee of 
the specified limits of accuracy (commonly known as the “ninety-five 
per cent confidence limits ”) is acceptable for most purposes. This 
means, in effect, that the accuracy of the figure obtained can be 
guaranteed to be within + І, nineteen times out of twenty, L repre- 
senting the limits of Permitted variation stated as a percentage of 
total time. The number of Observations (N) necessary to achieve such 
a result is then obtained from the following formulat— 


— Ap (100 — p) 
dL E 


Which can be rewritten as L = 2 [2 (100 — p) 
N 


p being the occurrence of the specified activity expressed 
(approximately) as a percentage of N. 


Thus, in the example it can be stated with ninety-five per cent con- 
fidence (nineteen times out of twenty) that the non-working time lies 
within the limits (36:7 Æ 17-6) per cent 


since L = к = + 17-6 per cent approximately. 


* The formula, which is derived from elementary statistics, varies according to 
the confidence limi 


limits required. The ninety-five per cent value has been used 
throughout the examples in this chapter. У i 
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These lirnits are wide owing to the small number of observations. 
To obtain a similar result within + 8-8 per cent it will be necessary 
to take 120 observations, i.e. in order to double the accuracy it is 
necessary to quadruple the number of observations. 


Scope of the Technique 
ue requires only spot observations, it is possible 
to use it to study groups by visiting the individuals in sequence, 
recording in each case what activity or delay is occurring at the 
instant of observation. In fact this procedure is usually a feature of 
activity sampling, since the fairly large numbers of observations 
required for reasonable accuracy are accumulated more rapidly 
with groups than with individuals. Activity sampling is a much 
cheaper method of obtaining information about groups than 
continuous observation, since a small number of observers can cover 
a relatively large group. 
This fact-finding technique can be used to determine the properties 
of time devoted to different activities and delays by groups of either 


men, machines or pieces of equipment. 


Since the techniq 


Breakdown of Activities for Sampling 

Having decided that activity sampling should be resorted to, the 
first step is to plan a * tree ” of activities and delays. This tree sets 
out the headings under which the random observations will be 
recorded. For example, it has already been seen that one may wish 
to know simply the average proportion of time during which a 
group of men or machines are working and not working. The tree 
in the simplest of all cases would then be— 


Observations 


чі 8 Not working 
(0) 


(а) 


Normally it is desired to obtain rather more detail than this, and 
an example of a tree used in investigating the occurrence of a number 
of different types of activity might be as shown on page 182. 
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Observations 


| 
Worker at Worker absent 
place of work from place of work 


| | | 
Working Not working Worker Worker Worker 


(а) (b) at stores seeking elsewhere 
instructions (f) 
(е) 
| 
Working Not working 
(2 @ 


A planned tree of this kind becomes the basis for the random 
observations, Every observation would be recorded under one or 


other of the headings (a) to (f) on an observation sheet of a type 
similar to that illustrated in Fig. 15.1. 


Representative Period of Study 


8 activity sampling is that the 
€ spread over a longer period than would 
uous studies are carried out. In this way 


an activity sampling investigation being extended over several days 
or weeks; obviously the length of pe 
work cycle time. 


Itis most important, too, that Observations should cover the whole 
of the working period. Thus, in the case of twenty-four-hour shift 


Work over a period of one fortnight, observations should be taken 
throughout the 24 x 7 X 2 hours of this period. 


Required Number of Observations 


If the general pattern of activity and inactivity is to be investigated, 


the required accuracy can be expressed in terms of the percentage 
time devoted to all activities, 


Thus, supposing it is anticipated 
that about Seventy-five per cen 


t of the total time of a group of 
men or machines is devoted to various activities (p — 75), then if 
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ACTIVITY SAMPLING STUDY 


STUDY no. 542/1 SHEET 4 ОР. 
OBSERVER cow DATE. lO = 1— 56 


TIME Р 
ROUND pare / gerne OBSERVATIONS 
|. No. ON OFF 1121|13|4151|6|7|8)4а [>] сі4іеіт 
25 |740|7-48 | ii| 2 | 
H EE 
< “1 
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a satisfactory degree of accuracy would be + 3 per cent of the 
total time (L = 3) with ninety-five per cent confidence, the required 


number of observations, using the equation given, would be— 


4х 75 х (100 — 75) 24; 

ce 0598 

initially at making about 850 observations. 
that the main interest centres on one particular 
е described. If, for example, this was 


One would thus aim 
It may be, however, 
kind of activity in the tre 


а” 
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suspected to occupy about five per cent of the total time (р = 5), and 
а result accurate to + 1 per cent of the total time (Z = 1) with ninety- 
five per cent confidence would be acceptable, then the required 
number of observations would be— 


4 x 5 х (100 — 5) 
کے‎ X000 = 3 


The initial aim, therefore, would be to obtain about 2,000 observa- 
tions. This rough estimate can be checked after the first 100 or so 
observations have been made to see whether the five per cent estimate 


is reasonable. If it is not, a new calculation can then be made with 
the more accurate figure available. 


= 1,900 


Study Programme 


The activity sampling technique is particularly suited to the 
investigation of. multiple activities, either of men or machines. If 
the subjects being studied are close together so much the better since 
this will facilitate the accumulation of observations. Whatever the 
arrangement, careful planning of the study programme is essential 
to ensure it is carried out in a Systematic manner. 

Each round of the department or plant will result in as many 
Observations as there are men or machines. If, for example, 7,500 
Observations are required to investigate the combined activities of 
ten workers over a period of fourteen days, it will be necessary to 
make 750 rounds during that period. In order to ensure reasonable 
distribution it is usually advisable roughly to equalize the number 


of rounds made per day, in this case то ог 54, 


Thereafter, the times during each day at which observers are to 
start on their rounds are determined by random selection. There 
are various ways in which this can be arranged, such as by marking 
slips of paper with actual times (say at 5- or 15-minute intervals) 
throughout the day and selecting them at random, or by making use 
of a suitable table of random numbers. 

If the time for a complete round takes longer than the minimum 
Possible interval (five minutes in the fore 
observers will have to be а 
gramme of rounds mi 

Having more than 
likelihood of error, si 
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ACTIVITY SAMPLING PROGRAMME 
STUDY Мо. 24/¢ DATE APPLICABLE (14-2-56 . “ 
OBSERVERS (1) RJE МУК 

Qc. ONE SNE s SE o 

OBSERVER 1 OBSERVER 2 

ROUND TIME ROUND TIME 
1 17:55 1; 7:45 
2 7:50 2 8-00 
3 8:05 3 8:10 
A 8:15 4 8:30 
5 8:40 5 8:45 
6 8-50 6 9-05 
7 9-20 7 9-30 
8 9°35 8 9:40 
9 9-45 9 10:00 
10 10-05 10 1015 
alat 10:25 11 10°30 
12 10:55 12 10:40 


Fig. 15.2. Activity SAMPLING: Day’s PROGRAMME OF ROUNDS 


s of the Results of Activity Sampling 
This process can best be demonstrated by continuing with the 
hypothetical example already referred to in which two observers 
have been detailed to make approximately 7,500 observations of a 
team of ten workers over a period of fourteen days. In the first 
place, the results would be summarized as shown in Fig. 15/3) 

The percentages in column 3 of Fig. 15.3 are derived simply from 
the formula— 


Number of observations recording the і 
Total number of observations 


Analysi 


particular activity x 100 


2,500 wi 
сс — 33-1 per cent for activity (а) 
e.g. 7,560 x 100 р 


ACTIVITY SAMPLING SUMMARY 


STUDY ы eMe o par. 20-2-56 
suoncr Sea cenar Location Main Slowo (D) 


OBSERVERS. 2 ©... WORKERS.. /O 


REQUIRED No. OF OBSERVATIONS. 
REPRESENTATIVE PERIOD 4. 


Мо. OF ROUNDS „7 ушл. вадам Fah clay 


ACTIVITY ана ESTIMATED | 95% CONFIDENCE 
REF OBSERVATIONS % OF LIMITS AS % . 
TOTAL TIME OF TOTAL TIME 


Fig. 15.3. Астімтү SAMPLING: SUMMARY oF RESULTS 
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ESTIMATED % OF TOTAL TIME FOR TOTAL 


ACTIVITY 
WORKERS PER 


ACTIVITY 


Fic. 15.4. ACTIVITY SAMPLING: COMPARISON or WORKERS' ACTIVITIES 
The ninety-five per cent confidence limits are calculated in each case 
using the formula— 


T р (100 — р) 
о 


Again for activity (a) therefore— 
L= NETTE = + ШЕ per cent of total time. 
stated with ninety-five per cent confidence, that 


es (33:1 Æ 1-1) per cent or between 32-0 per cent 
job by the ten workers 


Thus, it could be 


activity (а) occupi 
and 34-2 percent of the total time spent on the 


concerned. . г 
use the information obtained from the study 


It is possible also to rom 
in a number of different ways. For example, the activities of each 
of the ten workers can be set out for comparison in the manner 


shown in Fig. 15.4. 
In the same way, the results could be analysed by days or by the 


time of day. ' Lim. F и 

A useful advantage of analysis on these lines 1s that it sometimes 
indicates whether significant ** bias ” errors—i.€., errors due to the 
presence of the observer ОГ because of the choice of an unrepresenta- 


tive period—are present. 
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Using the Results of Activity Sampling 

The activity sampling technique was devised for the purpose of 
getting information about the time spent by groups of men or 
machines on various activities and delays. For this purpose it can 
be very useful, and in many cases it has been found most valuable 
as a method of reconnaissance prior to the use of more detailed work 
study techniques. Among the many applications of activity 
sampling are numbered the investigating work necessary in— 


1. Improving the arrangement of duties and general organiza- 
tion of work, 


2. Indicating the directions in which i 
and equipment should be soug 
proposed changes. 

3. Assessing the value of introducing group incentive schemes. 

- Examining the causes of unsatisfactory performance figures. 


A further category of application which requires special mention, 
since it was the field to which activity sampling was first applied, is 
the measurement of machine interference, There are sometimes 
occasions when it is economically desirable to 
of a number of automatic machines, each su 


mprovements in methods 
ht, and assessing the value of 


to stand completely idle until he is able to 
turn. 


Rated Activity Sampling 


As an extension of the normal uses of 
have been made to modify the techni 
determine the work content, 
tecording the 
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assessments by watching workers for short periods of time (say ten 
to twenty seconds); the assumption has then been made that such 
ratings are applicable to the corresponding activities recorded; the 
difficulties of such a procedure will be apparent. The main problem, 
however, is that because activity sampling records in general terms 
only what actually happens, even if workers are rated the broad 
context of existing methods of working must be accepted. If these 
methods are not sound then the work contents obtained will be 
correspondingly affected. 

_ This technique, to which the name Rated Activity Sampling is 
given, has been used successfully to establish standard times for 
jobs where groups of workers are employed on a wide range of 
activities, such as is found in general stores, warehouses and canteens, 
and where measurement by conventional techniques is difficult or 
uneconomic. Use of this technique in more exacting situations, where 
the standard of accuracy obtained is important, should be made 
with the utmost caution until further research has established its 


reliability. 


Economics of Activity Sampling 

Where only one machine or worker is being studied, then in order 
to make the required number of observations within a reasonable 
period, activity sampling might require the whole time of one 
observer. In this case little or no gain results from using activity 
sampling in preference to making continuous studies. It may be 
possible for several different activity sampling studies, none of 
which would be economic on its own, to be carried out simul- 
taneously by a single observer who is able to arrange his programme 
in a way which will enable him to make observations for more than 
one study on the same round. 

The activity sampling technique is most effective when several 
observations for the same study can be obtained during one visit or 
round. Even where an observer spends the whole of his time in the 
working area, the fact that he is studying several workers or machines 


simultaneously is an advantage which cannot be claimed for any 
other work measurement technique. It will, of course, be apparent 
that the full benefit of this can only be obtained when the layout of 
the plant is such that the observer spends the minimum amount of 


time travelling between different locations. 
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Target Times for Jobs 


WHEN planning the su 


dates, etc., management is interested in the overall time to be issued 
for a job using the specified method and adhering to defined stan- 


І. An accurate knowled. 


ge of plant running time 
2. A knowledge of the 


likely performance of workers 


In the present calculations standard performance of workers has 


Planning Times for Simple Jobs 


The following examples will illustrate the means by which overall 
times are derived for straightforward types of job— 
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1. A worker engaged only on manual work. In cases where the 
only limitation on output is the worker's individual capacity, and 
there is ample work available, the time for the operation at 
standard performance will simply be the standard time. 

2. A worker engaged on work which is machine or process 
controlled. Finding the time for a job at standard performance, 
T 

TIME ^ с 
haar WORKER MACHINE 


LOAD AND START MIXER STOPPED 


MIXER 
(9 SMs) 
10 
CLEAR EMPTY BAGS, «== MIXER RUNNING 
ETC. 
. (RUNNING TIME 
(6 SMs) SS 19:8 MIN) 


(46-8 MIN) 
- 
© 


3045ТОР AND UNLOAD MIXER kK 

WEIGH BATCH AND 

RECORD NUMBER 
AND WEIGHT 


(18 SMs) 


TIME AT STANDARD PERFORMANCE 


40 


к SN 


50: 


Fic. 16.1. MULTIPLE ACTIVITY CHART: ONE WORKER 


where a worker attends an item of plant and has work both inside 
and outside plant running time, can be illustrated by the example 
of a worker attending a mixer for which the multiple activity chart 
is reproduced in Fig. 16.1. Suppose he loads a batch of materials 
into a mixer, starts it, and, after mixing is completed, unloads it. 
The overall time will be the actual machinerunningtime(in minutes) 
plus the time-equivalent of the worker’s outside work at the level of 
performance aimed at. Outside work refers to those worker’s duties 
carried out when the machine is not producing and being human 
work will be expressed in units of work. 
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Because in this case the time-equivalent of the inside work of 
clearing away empty bags, positioning containers and attending 
to the process at the anticipated level of performance is less than 
the plant running time this will not affect the overall time. If the 
time-equivalent of the inside work at the performance level 
concerned equals the machine running time the overall time for 
the job would, of course, be based entirely on the work content. 


3. A team engaged only on manual work. Ifa team is working 
together on some job such as unloading a lorry, which does not 
involve plant running times, the time for the job will be the sum 
of the times for the limiting elements when they are carried out 
at standard performance, 

An example will make this clear. Three men work as a team to 
unload a lorry carrying forty sacks each weighing 1 cwt. The 
specified method of operation is as follows: Worker A stands on 
the lorry and dumps the 1-cwt sacks on to the pallet of a fork lift 
truck. Each pallet holds ten sacks. Workers B and C each drive 
a fork lift truck. In turn each drives his truck alongside the 
lorry, positions the sacks as worker 4 dumps them, drives to the 


to the checker’s office, and B and C report to the chargehand for 
further instructions, 

With the knowledge of the work contents of the various jobs 
the multiple activity chart shown in Fig. 16.2 can be drawn up. 


other two completes some limiting element. The time at standard 
performance for the complete task is the sum of the times for the 
limiting elements, which can be picked up from the heavily 
shaded portions of the multiple activity chart. 

The values of these in SM are— 


1:50 + 0-56 + 0:38 + 2.06 +. 0-38 + 2:06 + 0-38 + 2:06 
+ 0:38 + 2:06 + 1:50 = 13-3 SM which is equivalent to 
13:3 minutes at standard performance. 


4. A team engaged on work which is machine or process controlled. 
When a team of Workers is attending a unit of plant, work which 
has to be done outside plant running time will be done by the 
team. The time at Standard performance for the operation will 
be the plant running time plus the time-equivalent of the limiting 
elements on the outside Work. The procedure is therefore one of 
combining the factors described in Examples 2 and 3. 
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WORKER 'A* WORKER 'C' 


WORKER 'В' 


RECEIVE 
INSTRUCTIONS 
(1-50 SMa), 


RECEIVE 
INSTRUCTIONS 
(1-50 SMs) 


RECEIVE 
INSTRUCTIONS. 
(1-50 SMa) 


GET TRUCK 
(0:56 SMs) 


LIMB TO LORRY 
21 (075 sMs) 


GET TRUCK 
(0:56 SM з) 


А 


POSITION TRUCK 
0-38 Ss) 


DUMP 10 SACKS 
(206 SMa) 


POSITION 10 SACKS 
(31 SMs) 


DUMP 10 SACKS 
(2:06 SMa) 


POSITION 10 SACKS 
(1:31 sMs) 


22 
POSITION, TRUCK z TT 
(0:38 5М'в) PALLET ТО STORES 

(0-75 SMS) 

DUMP 10 SACKS 

(2:06 SM 

і 4 RETURN ] 

77] (0-15 SMs) 
1— 


POSITION 10 SACKS 
10-31 SMe) 


DUMP 10 SACKS 5 SMa) 
(206 SMa) 


POSITION. 10 SACKS 
(131 $Ms) 


REPORT TO 0; 0077777 
CHECKER 
(150 $Ms) 


Fic. 16.2. MULTIPLE ACTIVITY CHART: TEAM OF THREE WORKERS 


Setting Times for More Complex Jobs 


The jobs so far examined have been separate from one another, 
but in practice they are often combined, so that after one is started 
another is begun before the first is completed. The more complicated 
instances discussed overleaf are typical. 
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1. Worker does other work during the machine controlled part of 
the cycle. As an example, during the plant running time of the 
power driven mixer shown in Fig. 16.1, the worker might be doing 
Some generalcleaning up. The overall time would not be affected, 


however, if the cleaning up could be done inside the plant running 
time. 


TIME SCALE 
(MIN) 


WORKER MACHINE 


MIXER STOPPED 


LOAD AND START MIXER 
(9 SMs) 


10 


CLEAR EMPTY BAGS 
(6 SMs) 


MIXER RUNNING 
(RUNNING TIME 
198 MIN) 


WEIGH BATCH 1 AND 
RECORD NUMBER 
AND WEIGHT 
(2 SMs) 


20 


(34-8 MIN) 


TIME AT STANDARD PERFORMANCE 


MIXER 
(BATCH 2) (6 SMs) 


| 
Г 
| 


Fic. 16.3. MULTIPLE Астіуітү CHART: ONE Worker, COMPLEX JOB 


2. Repetitive jobs where work on previous unit of product can be 
Finished during a subsequent machine controlled cycle. In jobs 


This is illustrated in the new multiple activity chart, Fig. 16.3. 
It will be noted that, while the time at standard performance for 
the first batch will be 46-8 minutes, the time would be reduced to 
34-8 minutes for each Subsequent batch. 

3. Worker attends several units of plant each performing the 
same operation, Sometimes a Worker attends several similar units 
of plant each Performing the same Operation. For instance, in 


Mic 'BY | мі с 


REMOVE DRUM FROM ‘A’ AND 
POSITION ANOTHER, 
START М/с. 


(2:0 SMa) 


REMOVE DRUM FROM 'B' AND 
POSITION ANOTHER. 
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Sw 
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REMOVE DRUM FROM 'C' AND 
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м 
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Fic, 16.4. MULTIPLE ACTIVITY CHART: ONE Worker, THREE MACHINES 
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the case of filling drums, using three automatic weighing machines 
which stop the flow when the correct quantity has been run in, 
the work sequence might be as shown in Fig. 16.4. 

Here it will be seen that the time at standard performance on 
any one machine includes “ position drum," “ pour fluid,” and 
“remove drum," and that these require 7-0 minutes. But as the 
fluid is running into the drum a further two drums can be posi- 
tioned. The unit of product when working to this method is thus 
three drums, not one, and the time at standard performance for 
this multiple operation is 7-0 minutes for three drums, if the work 
is continuously repetitive. 

4. The worker attends several dissimilar units of plant. Some- 
times a worker attends a number of dissimilar units of plant which 


of output at standard performance is calculated over the day or 
shift on the basis of average conditions over the period concerned. 
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Unoccupied Time (UT) and Various 
Allowances 


Waen men work in a team or on machine operations which do not 
require constant attention, they are frequently unoccupied for short 
periods while the machine or other members ofthe team complete 
certain jobs. If nothing were done to take account of this time the 
effect would be a lowering of the worker’s unit hour for the day or 


shift during which such waiting time occurred. 
When this is the case unoccupied time for a job can be expressed 


as— 
А : Standard time for _ 
Overall time for job — carrying out the SIUS UT 


mple of a multiple activity chart for a simple mixing 
6.1), the period of 13:8 minutes, i.e. for running time 
less time for inside work, which is the time the worker is forced to wait 
for the machine if he has been working at standard performance, 
represents the UT applicable to the job if done in the manner 


recorded. 


Thus, in the exa 
operation (Fig. 1 


The Undesirability of UT 1 
In certain types of work it may be inevitable that some unoccupied 


time will occur. From the point of view of management, however, 
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such time is wholly undesirable, representing as it does an imbalance 
in the use of labour or labour/machine resources. Since production 
plans should normally be based on the best possible use of labour, 
every opportunity should therefore be taken to reduce UT to a 
minimum. 

Even where unoccupied time has previously occurred, a thorough 
method study of the job may suggest various means of reducing or 
eliminating the need for it. There is the possibility of allotting other 
useful work during plant Tunning times, while team-work which is 
seriously unbalanced may be rearranged to achieve better balance. 
Sometimes it is found Possible, after due consultation with the tech- 
nicians responsible, to speed up certain items of plant or, in more 


When Considering these matters, however, it should be remem- 
bered that it is sometimes more important to keep an expensive item 
of equipment functioning continuously than to make maximum use 


of the service of Workers. When formulating plans management 
must view the whole economic рі i 


balance. Cases where there is а hi 


» unoccupied time is regarded either 
as fixed, that is to s › as an inte, 


Fixed UT for Simple Jobs 


The following further examples may help to make the calculation 
of unoccupied time more clearly understood — 


8 time or team-work to worry 
about, there cannot be any unoccupied time, 


2. A team engaged only on manual work. Referring to the 
multiple activity chart for unloading a lorry (Fig. 16.2) unoccupied 
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time for each worker and the complete job are calculated as 
follows— 


Worker 4: Work content = 1-50 + 0-75 + 2-06 + 2-06 + 
2-06 + 2-06 + 1-50 = 12-0 SM А 
Time for this work at standard performance = 12-0 min | 
Time for complete job at standard performance = 13-3 min 
-. Unoccupied time = 13-3 — 12.0 = 13 min 


Worker B: Work content = 1-50 + 0-56 + 0-38 + 1-31 + 
0-75 +- 0:75 + 0-38 + 1-31 + 0:75 + 0-38 = 8-1SM 
Time for this work at standard performance = 8-1 min | 
Time for complete job at standard performance = 13-3 min 
-. Unoccupied time = 13-3 — 8-1 = 5-2 min 

Worker C: Work content 
0-75 + 0-75 + 0-38 + 1-31 + 0-75 + 0-38 = 8-1 SM 
Time for this work at standard performance = 8-1 min 


Time for complete job at standard performance = 13-3 min 
-. Unoccupied time = 13-3 — 8-1 = 5-2 min 


= 1-50 + 0-56 + 0-38 + 1-31 et 


the job will 


the plant running time less the work 

nected with the plant. 
2. Repetitive Jobs where previous unit of product is 
а subsequent machine controlled cycle. Similarly, 
of loading a mixer shown in Fig. 16.3, when this job is conti 
cess allowance is the с 


attends several units 

Product. When a worker is attendin 
Performing the same Process, the fact. 
Were shown in Fig. 16.4. It shoul 


of plant making the same 
5 several units of plant each 
Ors Which must be considered 
d be noticed that, when the 
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operation is being performed as part of a continuously repetitive 
process, in which starting and finishing delays are of such Short 
duration as to be negligible, the normal unoccupied time is 1:0 
min for every three drums filled. (If the starting and finishing 
delays are of any significance they are averaged out over the day 
or shift concerned as unoccupied time per unit of product 
processed.) 

4. Worker attends several dissimilar units of plant. When a 
worker attends several dissimilar units of plant, provided they 
are all automatically controlled, unoccupied time can be worked 
out in exactly the same way as the previous example. 


Variable UT 


In some instances, where a number of fixed cycles may be inter- 
mingled in a variety of ways, it may not be economic to calculate 
the unoccupied time for each possible combination. In such cases, 
it is usual to establish the unoccupied time using the hour or the 
day or shift time as the fixed cycle. This method is used in dealing 
with that type of work which requires workers to carry out a number 
of jobs in a variety of sequences. The UT arrived at is known as 


“variable unoccupied time," which may be derived in the followin g 
ways— 


1. Using the hour as the fixed cycle. The assumption is made 
ting which the worker is 
ly the period left in the 
-equivalent of the work content 


job requiring 42 SM in one hour, 
42 — 18 min. 


е 1 The corresponding unoccupied time 
per hour is converted into total UT for the job by multiplying it 
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ана Overall time | Total units of work at 
Unoccupied time = (by clock) ^ standard performance 


Operations where unoccupied time must be treated in this way 
include continuous processes where the worker gives intermittent 
attention to an instrument panel; cases where the worker takes and 
records readings and does some routine work as well; tradesmen’s 
mates in a workshop assisting a number of tradesmen, and men 
responsible for keeping other workers supplied with materials and 
for taking away work. 


Interference Allowance 

In the type of work where machine interference is a factor, the 
total amount of machine running time will usually be somewhat less 
than would otherwise be the case. If the worker’s job is assessed 
on the assumption that he will always be available immediately a 
machine stoppage occurs, a misleading picture of his attainable 
performance will be shown by reason of the period when some 
machines have to wait for attention and production is lost. 

The effect of such machine interference, therefore, is to increase 
the average time needed for the operation. The amount of this 
increase, known as interference allowance, is usually expressed like 
unoccupied time as a period of time additional to the work content 
of the operation. Its actual value can be determined by activity 
sampling or other suitable method of observation or calculation. 


Excess Work Allowance 

Allowances of this type are generally concerned with some non- 
standard feature of the conditions under which a job is performed. 
Typical instances might be because of extra time required for 
processing a batch of poor quality material, or because of the 
malfunctioning of a particular item of plant. 

Excess work allowances are temporary, and, of course, apply only 
for the duration of the conditions concerned. 


Policy Allowance 

Policy allowance is defined by the British Standards Institution as 
* a factor applied to standard time, to provide a satisfactory level of 
earnings for a specified level of performance.” И | 

Such allowances, particularly when they have a relationship to 
workers’ earnings, are usually decided upon by management and are 
not the responsibility of the work study officer except inasmuch as 
it is his task to see they are included wherever appropriate. 
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The Application of Allowances 


The following diagram may help to clarify the way in which the 
different allowances are applied— 


à УУ EP due 
SELECTED OBSERVED RATING ey “> 


ELEMENT TIMES іні +f Y 
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SELECTED BASIC ELEMENT TIMES. 


WORK CONTENT PER CYCLE 


STANDARD TIME FOR 1 CYCLE 


Fic. 17.1. THE APPLICATION OF ALLOWANCES 


The manner in which unoccupied time and the various allowances, 
while affecting the overall ti 


work content should be pa 
such allowances is usually 
capacity is not being use 
allowances in this way, and at the same time in 
conditions under which they apply, 
can be investigated and 
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Confirming Work Content and 
Standard Times 


BECAUSE time study is the basic technique of work measurement it 
is of the greatest importance that means should be available for 
checking standard times arrived at by means of it so that, if the need 
arises, this can be done in the most effective way and with the mini- 
mum disturbance. 

Since a check on observed times is always included when making 
the time study, by comparing the elapsed time with the total of the 
recorded times, the factor to which attention must be directed is the 
assessment of performance rating. Because the accuracy of the 
standard times set for a job is largely dependent upon the degree of 
accuracy as well as the consistency with which rating is done, a 
method has been devised whereby a worker's performance in prac- 
tice can be checked against the total units of work of the output he 
achieves. 

The procedure is to make a production study of the job under 
actual operating conditions. This is a protracted but simplified form 
of time study extending over at least a completely representative part 
of the job and for a period of suitable duration, during which the 
worker’s mean rating is assessed at regular intervals (say, every half 
minute) without recording details of the individual elements. A 
careful record is maintained of all ineffective time. The average 
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estimated rating obtained in this way is compared with the rating 
figure as calculated from the record of the worker’s production 
during the same period. If there is a wide discrepancy between the 
two figures the cause of the disagreement must be traced. 


Making the Study 


It will be recalled that by definition, a worker who carries out the 
work involved in a job at standard rating, and takes the appropriate 
relaxation allowance, achieves standard performance, i.e. 60 units 
of work (SM) per hour. 

Hence. where gross working time includes both net working time 
(actual time spent at the Operation) and also relaxation allowance 


taken (recorded waiting time and time spent on unmeasured work 
being specifically excluded) — 


Average rating during net working time 
100 (i.e. standard) 
— Total units of work 
~~ produced by the worker 


Gross working time 
in minutes 


If, therefore, a comparison is made between the total units of work 
recorded during a production study (based on the issued standard 
time for the job) and the number which would correspond to the 


worker’s rating during the same study, it is possible to detect if there 
is a discrepancy. 


Example 
Production study of can-making operation— 


1. Data from original time study— 
Work content of job: 3-6 SM per can 


Average percentage of RA included in work content (SM): 
20 per cent 


2. Data from production study— 
Working day (duration of production study): 8 hours 
Waiting time recorded: + hour total 
2. Gross working time: 7$ hours 
RA taken: 12 hours 
2. Net working time = 63 hours 
Average rating estimated during net working time: 105 
Actual output for day: 112 cans 
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3. Comparison between units of work actually recorded and 
units of work calculated from production study— 


112 3-6 


Actually recorded — (cans) x (SM) = 403 SM 
105 
Е 7% hours x 60 _ 
Сш ee Хх (gross working time) | 488 SM 


4. Extent of Discrepancy— 
Standard time calculated from production study 


_ 488 (SM) _ 


= 112 (сам) ^ 4-4 SM per can 


Issued standard time = 3-6 SM per can 


This study suggests that the issued value of 3-6 SM per can may be 
too low, the cause for which will most likely be found to be one of 
the following— 


1. An arithmetical error. 

2. An incorrect or altered method of performing the job (e.g. 
* inside cycle " work being done as “ outside cycle " work). 

3. Incorrect machine speed (e.g. due to belt slip). 

4. Slight changes in materials or product specification. 

5. A change in the frequency of occurrence of occasional or 
variable elements of work. 


Duration of Production Study 


The necessary duration of a production study is dependent upon 
the class of work being performed. For short-cycle repetitive work 
an hour may be adequate, for other repetitive work perhaps one day, 
and for non-repetitive work a period sufficient to ensure a repre- 
sentative run, which may possibly extend to several days. 

Some short-cycle repetitive work for which the standard times have 
been set by work study may not require production studies to be 
taken as well, providing the original studies were adequately recorded 
and of sufficient duration, and that they include the relaxation and 
contingencies applicable to that work. 

For most classes of work, the cost of making production studies is 
small, and the advantages to be obtained from them are many. 
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Checking Consistency of Standard Times 


The following are the main uses of production studies made for 
checking consistency— 


1. “Loose” or “ tight " standard times. A time study observer 
may not have acquired a satisfactory concept of standard. Too 
great a divergence from a true concept of a 100 rating would 
introduce looseness or tightness into standard times, although 
this might also be caused by excessive or insufficient margins for 
relaxation or other allowances, Production studies will some- 
times help to reveal the cause of loose or tight standard times. 

2. Variations in quality. Yt is essential that quality standards 
Specified with the issue of standard times should be in accordance 
with those obtained in practice. Production studies are often 
useful in revealing whether or not the quality standards laid down 
are being maintained in practice, and if, where times have become 
loose, it is because the work involved in maintaining those stan- 
dards is not being carried out. 

3. Variations in standard times. It is essential that standard 
times remain fair to management and workers. If the quality of 
the raw material, or the tools of production vary, time study may 
have revealed to a great extent such variation, but a longer obser- 
vation is sometimes necessary to Prove that standard times will 
remain fair under all normal working conditions. Production 
studies may be used to reveal whether the standard times set in 
fact cover all such variations on a long-term basis, 


Demonstrating the Fairness of Standard Times 


If required, production studies may also be used to demonstrate 
the fairness of standard times for the following purposes— 


1. To inspire confidence. It is Most important that everyone 
concerned should ha’ i 


tal that the work study staff should gain con- 
fidence in the accuracy of the times which the: 


y are setting. | 
2. Аз а production record Sor subsequent reference. Production 
Studies provide evidi 


ence of past production rates. They should 
be dated, certified Correct by a responsible executive, and filed 
away. The time m 


| ay come when the output of the department 
shows appreciable variations for some reason or other, when com- 


plaints may be made that the standard times of certain jobs are 
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unrealistic. Reference to production study records may help to 
clear up any misunderstandings of this kind. 


Special Purposes 

If, after application, the performance index? on a certain operation 
shows a marked upward or downward trend, a production study 
may be desirable as a check that the work specification (described in 
the next chapter) is being adhered to. 

If work is being carried out in excess of specification, the per- 
formance index will be low. For example, the operation of spot- 
facing holes in a mild steel flange may be performed by the worker 
who drills the holes, purely because it is customary to do so, and 
despite the fact that no allowance for doing so is included in the 
work unit value of the drilling operation. 

If operations which have been allowed for are being omitted or 
neglectfully performed, due perhaps to relaxed or inadequate inspec- 
tion, the performance index will be high. For example, a worker 
may fail to remove burrs on articles that have been turned in a lathe. 
Here it might be necessary to enforce the quality standard required 
and specified or, alternatively, to amend the work specification and 
reduce the standard time if the high quality originally specified proves 
to be unnecessary. 


1 Performance indices are referred to in Chapter 20 
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The Work Specification 


THE final stage of carrying out work measurement is for the work 
study officer to present the results in a form suitable for use by 
management. This is the work specification. In addition to stating 
the work content and standard time of the operation concerned, this 
should describe in detail the method by and conditions under which 
the work is to be performed, including layout of the work-place, and 
particulars of the machines, tools, appliances, materials and services 
used. Reference should also be made to the duties and responsibili- 
ties of the worker while doing the work involved. This information 
is filed for record purposes so that the effect of any changes in the 
way of doing the job can be determined and the method and work 
content and standard time amended accordingly. 

Although the work specification is primarily considered here in 
relation to time study, in the use of all work measurement techniques 
an adequate work specification must be prepared for each job. The 
detail will vary according to economic considerations. A work 
specification for a non-repetitive work job, for example, will take a 
much briefer form than that for a repetitive operation. 

Although it is not possible to develop a standardized form of work 
Specification, since each must be prepared for the particular job it 


describes and the context in which it will be used, a general pattern 


can be set and matters which should be included outlined. 
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Purpose of the Work Specification 

The work specification is prepared in order to relate standard 
times to the conditions on which they are based. It is not intended 
to be a report of work study activities, nor should it include estimates 
of savings. These can be recorded separately, and, if necessary, have 
attention drawn to them in an official report to management. 

The conditions under which standard times are set may bear a 
close resemblance to those under which a similar operation is being 
performed in a different location or at a different time. A further 
purpose of the work specification, therefore, is to provide a means 
of checking to what extent the values it records may be used else- 
where. Thus, it may be possible to avoid repetition of some time 
study work. 

When a financial incentive scheme is to be based on work measure- 
ment, the work specification may also be used as a contract between 
management and worker. 


Particulars of the Job 

Under particulars of the job it is necessary to consider a number 
of factors. Relevant details with regard to each point should then 
be included in the work specification under the appropriate head- 
ings— 
Purpose of the job 
Design and condition of plant, layout of work-place 
Nature and quantities of incoming materials and services 
Type and condition of equipment, tools, and appliances used 
Method employed 
Quality specifications for the product, outgoing condition 
Ambient conditions 


PAMPER 


1. Purpose of the Job 

As complete details are given under “ method employed,” a brief 
description of the job, sufficient only to identify it from other jobs, 
is all that is needed under this heading. Where possible, the words 
used should conform to those in general use in the organization con- 
cerned to enable the job to which they refer to be easily recognized. 


2. Design and Condition of Plant, Layout of Work-place 

Changes in any of these factors may affect the specified method 
for a particular job. Information concerning design and condition 
of plant and layout of work-place should be included in the work 
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specification in the form of drawings and photographs. In respect 
of condition of plant, it may assist if reference is made to frequency 
of overhaul. 


3. Nature and Quantities of Incoming Materials and Services 

Specific information regarding the nature and quantities of in- 
coming materials and services should appear relating them to the 
appropriate parts of the job. 


4. Type and Condition of Equipment, Tools and Appliances Used 
Specification of tools, equipment and appliances is important. The 

life of tools, for example, will have a bearing on standard times, and 

reference to frequency of their inspection, replacement and overhaul 


should be included. Types of equipment and appliances should be 
entered and listed by reference to plant inventories. 


5. Method Employed 


Full information regarding the particular method is essential, 
especially for jobs for which differing methods are available, 


6. Quality Specifications for the Product, Outgoing Condition 
Quality specifications should be obtained from management prior 
to work study as a matter of routine. It is important that these 
should be clearly identified and dated, as the standard times are based 
on current specifications. The outgoing condition of the product, 


particularly when it has an effect on a succeeding operation, should 
always be carefully described, 


7. Ambient Conditions 


The ambient conditions under which the job may be performed 
should be closely defined, and the standard time adjusted to provide 


for probable variations from the conditions prevailing when the 
study is made. 


Specification of the Method 


Misuse of standard times, arising from inadequate specification of 
methods of working, can cause both management and work study 
Personnel considerable embarrassment. The difficulty can be 
avoided by careful definition of the job and the conditions under 


highly repetitive work, however, 
basic motions may 
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Generally the document should be detailed enough for changes 
affecting standard times to be identified as a method alteration, and 
so justify a reassessment. 

The various types of process charts used in method study provide 
simple ways of describing methods, and they can be prepared to 
whatever degree of detail is required. Whenever it is considered 
necessary, copies of the appropriate charts should be included in any 
work specifications. 

It is essential in describing a method to refer to any safety pre- 
cautions and regulations which may be applicable. Reference should 
also be made to good housekeeping standards. 


Specifying Standard Times and Allowances 

Information required for production planning, cost control, 
methods improvement, financial incentive schemes, etc., and which 
should be available from the work specification is, in general, as 
follows— 


1. The time for the job at standard performance. This may be 
given directly in SM per part or per 100 parts, or it may also be 
shown as an output rate in units of product per hour. 

In the case of an incentive scheme based on work measurement, 
it is particularly important that job times should be issued in a 
form capable of complete understanding by workers. 

Thus, a job comprising 

5:0 SM + 1-3 min UT per part 
would require a standard time of 
5-0 + 1-3 = 6:3 min per part (6 min 18 sec per part) 
which is equivalent to 
9 о 9-5 parts per hour 
or 10:5 hours (i.e. 630 min) per 100 parts 
The use оба table is often resorted to to reduce the work of calcula- 
ting the number of parts per hour for different standard times. 


2. The work content of the job. This is taken from the sum- 
mary sheet. Special reference should be made to the reason for 
and extent of any contingency allowance included in the work 
content. Any criterion of work efficiency or acceptable percentage 
of rejected product on which the work content is based should 
also be shown. 

In some cases of team-work it may be necessary to show the 
work content for the work of the various members of the team 
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separately. In other cases the total work content for the job may 
be all that is required. 

3. Unoccupied time. Any unoccupied time, like the work con- 
tent, should be shown either in respect of each worker or for the 
job as a whole, depending on which is appropriate. In general 
the extent of unoccupied time is coupled with the work content as 
shown in the example used above to illustrate how job times 
should be expressed. 

4. Interference allowance. The amount of interference allow- 
ance should be detailed. Delays due to plant or machine syn- 
chronization are inherent in the method specified for some jobs; 
interruptions to the Process due to breakdowns, for example, are 
not covered. 


5. Policy allowance. Details of policy allowance (see Chapter 
17) should be filed with the work specification. 


Whenever it is intended to a 
tervals, the date after which 
should be clearly quoted. 


udit the work contents at regular in- 
the published figures become invalid 


Provision of Tabular Summary 


The work specification for each job carried out in a section should 
be made available to the worker’s representatives for reference. 
For general administrative Purposes, however, it is unnecessary to 
refer to it each time the standard times are required. It is convenient 


to prepare a summary, in tabular form, for each Operation which 
should contain— 


- The work specification reference number 


- A brief description of the Purpose of the operation 
- The standard time 


- The work content 
- The extent of unoccupied time 
- The extent of interference allowance 
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copies of the work specification prepared should, therefore, be 
strictly limited, and a decision obtained from higher management 
as to where they are to be retained. Any part of a specification should 
be available for inspection by representatives of management or 
workers, whenever there is good reason, but care should be taken, 
when such inspection takes place, that no copies are made of infor- 
mation which is of a confidential nature. 

Work specifications are documents of value containing the results 
of considerable expenditure of time and money. Filing should be 
such as to ensure that there is no danger of loss by fire or theft. The 
standing of a work study department is dependent to no little extent 
on the care with which work specifications are maintained as well as 
on that put into their preparation. 
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Work Study as a Service to 
Management 


Spheres of activity far wider 
tive use of manpower. 

Fig. 20.1 gives a general picture of the way in which work study can 
be of service to management in all spheres, Necessarily, the develop- 
fronts as they have on 


d time and time again. In 
elds of application of the 


(a) Incentive schemes (b) Labour control (c) Materials handling 
(4) Planning (e) Plant and product design 
214 
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Financial Incentives Based on Work Study 


Because standard times enable jobs of differing type and duration 
to be expressed in terms of the same denomination, they provide an 
exceptionally useful basis for the operation of a system of payment 
by results. The availability of the work Specification for use as the 
contract between management and worker in this connexion 1s 
particularly convenient, since it establishes precisely the conditions 
under which a job is to be performed as well as the method to be 
employed. In the event of a change in either or both of these it can 
be a routine matter to determine the extent and effect on the work 
content or standard times and make the necessary adjustments. 

From the worker’s point of view the ability easily to calculate 
bonus earnings is important. Standard times are perfectly straight- 


forward in this respect and their use in incentive Schemes is discussed 
below, 


Although they are no substitute for good 
incentive schemes of this type hi 
is every encouragement for wor 
record waiting time, thus такі 
and where action may be neces: 


planning and supervision, 
ave the added advantage that there 
kers to pay attention to delays and 
ng it apparent to management when 
sary to prevent their recurrence. 


Principles of Incentive Schemes 


_ Wor are designed so that an employee 
із paid a reward, additional to the j i 


incentive schemes for the performance 
i 1 per cent of the employee’s job 


n most work study incentive Schemes an employee's bonus is 
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related to a direct index of his performance which is known as 
Operator Performance (O.P.) This and other indices are described 
below under the heading of " Labour Control.” 


Natural Teams 
The results of incentive schemes generally show clearly that those 
schemes under which the individual is rewarded for his own efforts 
are more effective than those under which groups of people share 
equally in some communal bonus. 
In some cases, however, a number of men work as a team; the 


team being of such a nature that the work of the individual members 
is interdependent and it is impracticable to define their duties 


separately, Under such circumstances bonus must be calculated on 
a team basis. Teams covered collectively by an incentive scheme 
should be as small as possible and should always consist of members 
of an interdependent group and not be based purely on geographical 
location. It has been found in practice that provided such a team 
does not exceed six to eight men there is no significant deterioration 
in the feeling of individual incentive. 


Additional Objectives 

The earlier types of incentive schemes in the main covered straight- 
forward repetitive work and had as their objective simply an improve- 
ment in the rate of output of product per man-hour. In many cases, 
however, objectives such as improvement in use of materials, ser- 
vices and plant may be much more significant financially than an 
increase in rate of output per man-hour. Where possible, factors 
relating to these objectives should be included in specific schemes 
provided that the employee's bonus is still based on his own, or his 
team's, effective measured contribution. 


Effect of Incentive Schemes : 

They provide to management an increase in the output of effective 
Work of the employees; a sound basis of labour control in that 
changes in the levels of performance of employees are measured and 
made available; and a consistent and acceptable means of rewarding 
an employee in relation to his own effective contribution of work. 

They provide to the employee the opportunity to earn for himself 
and his dependants a higher standard of living in the form of in- 
creased purchasing power. . 

Properly designed and administered work study incentive schemes 


have indirect results difficult to evaluate but nevertheless of the 
Breatest importance. They can effect dramatic improvement 10 
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labour turnover, absenteeism and management-labour relations 
generally. 


In most cases, bonus is calculated separately from the base Tn 
wages and other earnings such as overtime premiums, etc. 1 


time (clock hours) by deducti 
measured work, etc, its 
As an example, consider a Straight proportional payment-by-resu 1 
incentive Scheme—one, that is to say, in which the worker's ge 
earnings are in direct Proportion to the number of units of work h 
has produced — 
Guaranteed base rate (say) 3s. 9d. (45d.) per hr id for 
A bonus of (say) 33% per cent of base rate is to be paid fo 
standard performance (i.e. 60 SM per hr) 
Then earnings rate per SM 


22:38, 9d; + 33} per cent _ 60d. 3 M 
OSM gs = 1d. per S 


If the worker is given a batch of 72 Parts to process at (say) 2:0 SM 
рег part and i 


completes them in a recorded time of 2 hr 20 min, his 
bonus would amount to— 


(Actual earnings) 


number of SM value rate per | 


-{ parts x per X rate per 
Processed part SM 


less (time rate earnings) 


Time taken Base Rate 
- {i complete x per ) 
batch hour 
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= (72 x 2:0 х 1-0)d. — (20 x 45)d. 
= 144d. — 105d. 
= 39d. or 3s. 3d. 


Similarly, if a worker receiving the same base rate performs various 
operations totalling (say) 448 SM in an 81-hr day, out of which 1 hr 
15 min has been booked on waiting time, his bonus for the day 
would be— 
(448d. x 19)d.— (725 x 45)d. 
— 448d. — 326d. 
= 122d. or 10s. 2d. 
And his average performance level in measured work 
448 
= 255 x 100 = 103 
TABLE SHOWING 
BONUS RATES AT VARIOUS PERFORMANCES 


Base rate: 3s. 9d. 


Operator Bonus in Pence Operator Bonus in Pence 
Performance per Hour Performance per Hour 

75 0-0 

76 0-6 91 9-6 
d 1:2 92 10:2 
78 1:8 93 10-8 
79 24 94 11:4 
80 3-0 95 120 
81 36 96 12:6 
82 42 97 13:2 
83 48 98 13:8 
84 5:4 99 14-4 
85 6-0 100 15:0 
86 6:6 101 15:6 
87 72 102 16-2 
88 78 103 16:8 
89 84 104 17:4 
90 9-0 105 18-0 


(N.B. This table applies to a particular base rate or group of base rates. A set 
of such tables will normally be required.) 
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In addition the worker would, of course, receive his time rate of 
3s. 9d. per hour in respect of the whole period of 84 hours he is 
recorded as being present. 

An alternative method of arriving at the bonus is to calculate first 
the average performance level (103 above) and then compute the 
bonus by reference to a table setting out bonus rates per hour which 
are equivalent to various performance levels, Part of such a table is 
shown on page 219 and reference to it indicates a bonus rate of 


1684. per hour for 103 performance. Since the time on measured 
work is 7 hr 15 min— 


Bonus earned = 16-8 (d. per hour) x 7-25 (hours) 
= 122d. or 10s. 2d. as before. 


There are of course, other ways in which bonus earnings may be 
calculated, but it is felt the two illustrated will be adequate to demon- 
Strate the relative ease with which these calculations can be made. 


Labour Control and Work Study 


Labour Control is a system based on clerical procedures which 
provides vital information regarding production and labour per- 


formance, so that a constant control of labour deployment can be 
exercised, 


Use of Work Measurement 


As the relative cost of labour in all 
measurement of work is essential in 
effectiveness of, labour. 


fields is continuously rising the 
order to deploy, and record the 


found in industry are likely. 


. to-day effectiveness with which labour is used is an 
important responsibility of junior management (or supervision, as 
it is often termed). Admittedly, in a small business or in small 
departments, direct visual supervision can achieve some degree of 
effectiveness, But information submitted for Labour Control tells 
Supervision (and, in turn, management) how the duties delegated 
are being carried out in Comparison with established standards. 


Equally important, the worker can be shown how his efforts com- 
pare with an optimum standard. 


By proper analysis of deviations from Standards, the true causes 
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and extents of losses are disclosed and supervision can see what 
action, if any, should be taken to improve labour utilization and 
performance. Furthermore, the greater confidence thereby engen- 
dered, by the removal of frustrations for the men and surmise and 
doubt regarding performance, assists in improving labour relations. 


Factors Affecting Performance 

Various factors may interfere with the achievement of a perform- 
ance to the optimum standard, giving rise to ** excess ” times, and 
* excess” costs. The factors causing such excesses may be divided 
roughly into three categories— 


1. Ability and willingness of the worker to achieve optimum 
performance. Proper selection and training should ensure the 
development of worker’s ability. An equitable incentive scheme 
based on work measurement will provide an inducement to the 
worker to give of his best. 

2. Availability of plant and equipment. Workers can produce 
optimum performance only if they have the plant and equipment 
available to them to do so. This can be ensured as far as possible 
by proper plant overhaul and maintenance or, where economic 
considerations allow it, by provision of stand-by resources. 

3. Availability of supplies of work to be done. The provision of 
the right amount of work at the right time and in the right place, 
to enable the worker to maintain optimum performance over his 
day, is achieved by proper organization and planning. 


Information for Labour Control 

The unit of work has been found to be the most satisfactory 
measure of work for overall labour control, as it enables fair com- 
parisons to be made of performances on any type of work, regardless 
of character or location. Other systems based on measurements such 
as tons, yards or cubic feet have a limited local use for control on 
one product or process. They do not, however, enable performances 


on different kinds of work to be compared. 
In recording a worker’s activities, the achieved production is con- 


verted to units of work, and time spent otherwise than on production 
is also carefully recorded. When this information has been analysed 
and condensed, the salient features are presented to management at 
periodic intervals for comparison with standards. The basic informa- 
tion presented to management is as follows— 


1. Performance indices, showing the levels of performance 
reached and maintained by the labour force, expressed either as 
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units of work per hour or as a percentage of standard performance 
(see below). 

2. Analysis of time spent otherwise than on productive work, 
showing the causes and duration of such delays. 

3. Labour costs of production showing wages cost of producing 
1,000 units of work at actual performance for comparison with 
wages cost at optimum performance. 


Presentation of Control Data 
In presenting information to management and supervision, care 


must be taken to include only data covering activities for which they 
are directly responsible and which they, by their efforts, can influ- 


1. Supervision—generally weekly but daily if desirable and if the 
type of work lends itself. 

2. Section Management—weekly and sometimes daily, 

3. Factory Management—monthly. 
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given to Section Management. This is supplied on a monthly sum- 
mary which consolidates the average figures for each group presented 
on the weekly basis. In addition to man-hours worked, output and 
performance indices, labour costs of production are given for com- 
parison with set standards. Being expressed in money values, some 
of this information is suitable for incorporation in an overall cost 
control statement embracing all cost factors, such as materials, 
machinery and overheads. 


Labour Control: Use of Performance Indices 

As has been shown, once a job has been measured and the human 
work in it expressed in units of work, it is possible to devise a system 
of labour control based on units of work. The principles of this pro- 


cedure are as follow— Д 
A comparison is made between the number of units of work which 


should be produced by workers and departments, worked out on the 
basis of whatever target performance has been set, with the number 
of units of work which have actually been achieved. The principle is 
that a careful analysis is made of any failure to achieve the target set, 
and in practice use is made of performance indices. 

Reliable performance indices greatly assist management in making 
the most effective use of labour. Standard times which a worker can 
maintain are established by work measurement. These are essential 
to management for the planning of production; and they also help 
the worker in his understanding of the task set him. For both they 
provide a fair means of measuring achievement. 

The purpose of performance indices is to measure levels of per- 
formance for the information of management. These indices can be 
designed to take account of various factors affecting output and 
input. 

The factors most likely to affect the attainment of standard per- 
formance over the working day or shift are— 

1. The effort and attention given by the worker to the job. 

2. The incidence of waiting time, during which the worker is 
prevented from working due to interruptions beyond his control. 

3. The incidence of times during the process at which the worker 
can do no more work pending completion of the operation. This 

time is termed unoccupied time (see pages 197—201). 


There are three main performance indices used for control pur- 
poses, and below we give definitions based on British Standards and 
examples of two different methods by which they can be arrived at— 
either as percentages of standard performance or in units of work 


224 Work Study 


per hour. (Note that “ measured " and “ estimated " in the В.51. 


definitions mean “ arrived at by the appropriate work measurement 
techniques.) 


Operator Performance 


Operator performance, or true performance, is an indication of the 
effectiveness of a worker (or group of workers if required) while on 
measured or estimated work. It is the ratio between total standard 
times for all measured and estimated work done and time actually 
spent on this measured and estimated work (I.e. excluding diverted and 
waiting time and any time on unmeasured work). 

A very simple example may make the procedure clearer: after 
it had been measured by one of the techniques of work measurement, 
a simple job, unaffected by team or process times, was found to 
have a work content of 15 SM per part processed. That is to say, 
the worker is expected to take a quarter of an hour to complete 
each part at the standard performance. 


Supposing the worker is at his work bench eight hours a day, at 
standard performance he will therefore do the job— 


8 (hr) x 4 (parts processed per hour) 
= 32 times per day, which is equivalent to 480 SM per day. 


By expressing the work content of any job in this way it is possible 
to make valid comparisons between different levels of output. Thus, 


ifin this example the job is only done twenty-four times in eight hours 
the SM accumulated will total— 


24 (number of times job was done) x 15 (value in SM) = 360, 
representing a performance only 75 per cent of standard, 
-a 360 
(ie. зво X 100). 
Calculated on this 


percentage basis, operator performance 15 
arrived at as follows — 


Operator 


= Units of work actually produced by worker 
performance ~ Uni 


its of work producible at Standard performance 


To find the number of units of work actually produced is simply 
matter of multiplying the number of times the specified job has 
been done by its work content. The calculation of the denominator 
is based on that Part of the attendance time when the worker 18 
engaged on measured work, i.e. attendance time less waiting time 
and less time on unmeasured work. 


On the basis of the work units used in this book, where 60 SM 


x 100 
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per hour are expected to be produced as standard performance, the 
denomination is in fact equal to the number of minutes in which the 
work has been done, i.e. 

Units of work produced x 100 
Number of minutes to produce them 


Operator performance 


The resultant operator performance can be entered on the worker’s 
daily work card, and notified to him on a daily basis, while analysis of 
the time spent on unmeasured work, waiting time and unoccupied time, 
is a daily guide to management of how effectively they are planning. 

Another method of expressing operator performance is— 

nits of work produced 
Operator performance п thon робив them 
or, using the figures from the example above 


= = 45 units of work per hour 

Note: It should be noted that in accordance with the B.S.I. defini- 
tion, standard times for jobs may include a proportion of time for 
delay, unoccupied time, or interference allowance. There may be 
occasions, therefore, when it may be advisable to use an index of per- 
formance which more clearly reflects the worker’s own personal 
contribution. Such an index might be described as the Measured 
Work Performance, expressing the ratio between the work content 
only of the jobs performed and the actual time taken for their 


performance, e.g. 


Total SM for work x 100 

Measured work performance = Attendance time (min) — 
minutes of (Waiting Time + 
Unoccupied Time + Unmeasured 
Work + Diverted Time) 


Departmental and overall indices (see below) can be calculated 
similarly. 
Departmental Performance 

This is used to indicate the effectiveness of a department or a sec- 
tion, and is a ratio between total standard times for measured and 
estimated work done and time actually spent on measured and esti- 
mated work plus any waiting or diverted time for which the department 
is responsible. Departmental performance is concerned with the 
average performance of the department on measured work and 
includes the effects of any waiting time. On a percentage basis the 
index is arrived at thus— 

Departmental Units of work actually produced by department 


performance Units of work producible at standard performance ж 100 
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Note that in this case the calculation of the denominator is based on 
the attendance time less only the time on unmeasured work, i.e. not 
less the waiting time as in operator performance above. The same 


applies to the denominator when calculating the index on the units 
of work per hour basis— 


Departmental = Units of work produced 
performance Attendance hours less hours on unmeasured work 


This performance index is useful as it presents a picture of the 
efficiency of a department, and can be used to compare the perform- 
ance of different departments, г 

It also shows the general effect on performance of waiting time 


and in some cases time during the process when the worker can do 
no work, 


ratio between total stand: 
work at assessed perform 
percentage form; therefore— 


Units of work produced (measured and estimated) 
аташ oe + unmeasured at assessed performance x 100 


Units of work producible at standard performance 


this case the denomination is based on the whole of the attend- 


In 
ance time. The same again applies when calculating the index on 
the units of work per hour basis— 


= Units of work produced 
Overall performance — Attendance hours 
The overall performance is intended to reveal the net result in 
rms of useful output which it has been Possible to obtain. Whereas 
the operator performance Shows the rate of output obtainable 
while work is available, the overall performance shows what this has 
been over the whole of the attendance time. The difference thus 
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indicates the loss due to all causes, such as waiting time, unoccupied 
time, etc. Similarly, the difference between departmental perform- 
ance and overall performance reveals losses in potential output 
which have come about from causes other than those attributable to 
the department. 

All three indices described above may be calculated for individual 
workers or groups of workers, and for departments or whole fac- 
tories, by totalling the enumerators and denominators as defined. 


Materials Handling and Work Study 

In recent years increasing attention has been directed to the effec- 
tive handling of materials as a means of increasing productivity and 
reducing overall costs. Materials handling concerns the movement 
of both material and people throughout a complex concern—raw 
materials; components between the various activities; finished 
products; materials for maintenance and construction work; and 
scrap. Handling embraces movement from the supplier to the in- 
coming stores, through the various stages of manufacture into 
finished products, to the warehouse, and then on to the customer. 
Handling, and the study of handling, is by no means confined, there- 
fore, to the processing operations or the confines of the factory itself. 


Importance of the Process Operation 

Activities in any kind of concern can be broadly classified under 
two headings—process operations, and handling operations. Work 
study is, in effect, the tool which has been developed to analyse and 
measure these operations and thereby devise ways and means of 
increasing productivity. Method study offers a quick and effective 
way of making this analysis. 

In this form of analysis, process operations, referred to in work 
study as “ do " operations, are the first to be considered because if 
these are changed in nature and sequence, combined or eliminated 
at any point, the associated handling and movement operations are 
at once affected. A very simple example will illustrate the import- 
ance of this approach. | 

Example: Assume there are two consecutive operations рег- 
formed some distance apart at points A and B, and it has been sug- 
gested that the method of handling material from one to the other 
should be investigated. The first questions requiring to be answered 
are— 

1. Can A or В be eliminated? 
2. Can A or B be combined in one operation? 
3. Can A be brought next to B? 
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If the answer to any of these questions is “ yes,” then handling is 
not necessary. 

Handling studies are carried out by means of the method study 
charting technique and the questioning sequence (Chapters 6 and 7). 

Two points are of particular note about the application Ло 
materials handling problems of the method study questioning 
sequence. Firstly, some of the questions may not apply to a parti- 
cular activity. In such instances there is no need to dwell laboriously 
on them; but they should be asked to ensure that no aspect is 
neglected or overlooked. Secondly, some of the questions may need 
further elaboration beyond the simple initial question to arrive at a 
complete understanding of the situation. For example, to appreciate 


fully the implication of these answers it may be necessary to consider 
such factors as— 


1. The form in which materials are supplied. 

2. The estimated utilization of new handling equipment. 
3. The effect of changed methods on overall cost. 

4. Handling methods in other departments. 


Applying the questioning sequence in this manner establishes the 
need, place, order, person—finally the means of carrying out what 
the best method requires. AII possibilities of falling into the error 
of considering handling equipment first and endeavouring to fit it 
into a particular situation are thereby eliminated. 


Use of Charts 


The fundamental analysis of the job is carried out by applying the 
questioning sequence to the process chart in the appropriate way. 
It may be desirable, however, to supplement the process chart with 
other aids, such as the flow diagram, string diagram or multiple 
activity chart (see Chapter 6). In a materials handling problem the 
paths of movement will in general be of major interest and a flow 
diagram may be of considerable help when dealing with the question 
“Where?” This device enables the problem to be viewed in plan 
or elevation and is valuable in that it helps appreciation of such 
features as unnecessarily long routes, backtracking, poor or excessive 
use of traffic aisles, points of unreasonable congestion, hold-ups, and 
danger hazards, In addition, the Suitability of collection and delivery 
points for materials and products in course of manufacture, and the 
relative siting of a department, can be readily studied. 

In certain instances when it is required to examine complex inter- 
departmental or inter-section materials movement, the flow diagram 
may become a maze of lines and difficult to follow. In particular the 
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flow diagram is not suitable when such quantitative factors as dis- 
tances, weight and frequency of movement have to be studied. An 
alternative device on such occasions is the Travel Chart (Fig. 20.2). 
The particular areas being studied are marked out along the 
horizontal and vertical axes as shown, both commencing from the 
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same point. Movement is always plotted by reading from the hori- 
zontal to the vertical axis. If in the example it is assumed that the 
initial movement was from department 5 to department 3, the Y at 
the junction of the columns joining department 5 to department 3 
records this move. The same procedure is then followed for all other 
moves that take place during the chosen period of time for the study. 
The number of Xs in each vertical column is then added up and the 
bar chart constructed to show the movement from each department. 
Horizontal columns are similarly added up and the second bar chart 
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constructed to show the movement fo each department. These с 
not only provide an at-a-glance picture of ће volume and nature o 
the movement to and from each department, but also form the basis 
for further analysis and investigation. . 
Substituting the Xs for distances, weights, number of journeys, or 
other quantitative figures presents an even more realistic picture of 
the movement. The effect of rearrangement of machines and depart- 
ments to eliminate or reduce movement can readily be studied from 
this type of chart. . 
From method study it is, therefore, possible to decide the optimum 
qualitative requirements and compare alternative methods in this 


respect. This applies equally whether the materials are handled 
manually or with power-driven equipment. 


Work Measurement Contribution 


When an alternative me: 


thod is being evaluated quantitative as 
well as qualitative data wi 


ll be required. Work measurement pro- 
vides the means of obtaining this information and a means for com- 
paring the work content of alternative methods regardless of the 
nature of the work performed. In this way it is possible to oti 
best balance between operations and thereby ensure the best possible 
work flow. By comparing alternative methods on this basis the most 
economic method can also be selected and an accurate estimate made 
of the anticipated savings. In addition work measurement provides 
a sound factual basis for decisions on future action, a particularly 
valuable feature where decisions involve capital expenditure. 


Planning and Work Study 


As a result of the division of labour into grades and specialist 
functions, together with more complex equipment and baane, 
etc., there has been a growing realization that a measure of forma 
planning of all the functions of a productive enterprise was necessary 
to ensure the maximum use of all the available resources. 4 
The techniques which have developed into modern work study 
were evolved to meet the need for a more accurate knowledge of two 
fundamental Planning requirements—the methods to be adopted to 


achieve specified objectives, and the time required to carry out such 
methods, 


Basic Planning Steps 


1. Establish and specify the objective. Determine the desired 
result and the time by which it has to be achieved. 
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2. Consider the method by which the objective may best be 
achieved and the times required to carry out each stage of the 
chosen method. 

3. Devise the programme. 

4. Arrange resources and initiate action. 

5. Control progress to ensure the desired result is achieved. 


The five steps of planning should be undertaken in the stated 
sequence although it will be necessary frequently to refer back to one 
of the preceding steps for further consideration. All the steps can 
be undertaken by a single person or department, or by a number of 
separate units in the organization, depending on the magnitude of 
the project. Specialized planning staff may or may not be justified. 
Whoever undertakes the work, it is most important that all of the 
five steps should be considered and continuously co-ordinated if 
planning is to be successful. 


Contributions of Work Study to Planning 

Because of the versatility possessed by modern work study result- 
ing from a continuous and successful search for refinements, develop- 
ments and additions to the techniques, it is worth while to examine 
in detail the contribution which work study can now make to plan- 
ning, considering briefly each of the five basic planning steps in turn. 

1. Establish and specify the objective of the plan. Objectives may 
result from policy decisions by management arising from new inven- 
tions, technical developments, market requirements, sales trends, 
analyses of orders or salesmen’s reports. It is necessary to specify 
this objective in terms capable of being translated into executive 
action by means of designs, models, drawings, schedules, bills of 
quantities and the like. 

The value of work study in the design field is described below. 
By the application of work study techniques at this stage of planning 
more accurate times can be obtained, hence improved and more 
accurate target dates can be forecast. 

In certain types of production work the availability of suitable 
work study data can help greatly in assessing feasible delivery dates 
at closer specifications and keener prices. 

2. Consider the method by which the objective may be achieved and 
the times required to carry out each stage of the chosen method. The 
method may in turn depend on the time available or the materials 
most readily obtainable. Hence, not only must a study be made of 
individual operations and their sequence but also of the three physical 
resources—labour, materials and capital equipment—needed to 
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i he methods. For example, it will be necessary to specify 
d үш Ed category of labour; the effective working rate рн у 
which in turn can be significantly influenced by the adoption of wor 
measurement and incentive schemes; the form, shape, size and зей 
of material; the methods of handling materials; the equipment an 
plant items to be used and the best layout. 4 

This is the field of method study. The method must be studied to 
make sure it is the most economical in all the circumstances. 

For all manual operations a knowledge of standard times and the 
performance to be expected from the labour is required. ae 
data are of great value in establishing the standard times for nove 
jobs (see Chapter 13).) This is essential to establish how long it 
should take to carry out the specified methods with a certain labour 
force. This is the field of work measurement. : 

It is also necessary to have basic performance data available to 
show process-controlled and machine-controlled cycle times. In 
establishing this data work study will provide a more кор 
approach for obtaining the true Tange, capacity, capabilities an 
characteristics of all equipment in the inventory. 

3. Devise the programme. When it is established exactly what has 
to be done, how it will be done and how long each stage or operation 
is likely to take, the overall production cycle can be laid out in proper 
Sequence as à programme, taking account of the machine and labour 
loading involved. The quantities and times at which raw materials 
are required must be considered in relation to this programme. 

Where more than one job is to be done simultaneously, they can 
most conveniently be fitted together by displaying the work load on 
a Gantt chart or other programming device. . 

The accuracy and efficiency of the programme devised will largely 
depend on the Proper use of work study at the previous planning 
step. | 

4. Arrange resources and initiate action. Various recording SyS- 
tems can show with accuracy what materials are currently available 


or when they will become so. But econo 
material resources is 


and at what rate they 
produced at the previ 
equipment resource 


hen required, alternatives 
ly if supply dates are unacceptable 
. If the necessary labour oF 
overtime, shift-working ОГ 
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The programme can only Бе implemented by issuing instructions 
to proceed with the prescribed methods at the right time and rate. 
To do this, forms or documents are required which conform to a 
logical and coherent system or procedure. The procedure must be 
one most suited to all circumstances. 

Work study techniques can be used to great advantage in devising 
the most effective clerical procedures and also in checking (by 
activity sampling) that they are being operated and being maintained 
satisfactorily. 

5. Control progress to ensure the desired result is achieved. In 
addition to initiating action the procedure—and if necessary the 
documentation—must be so devised as to feed back vital information 
dealing with the progress of the work. In order that all concerned 
may clearly see the progress being made, the information is best 
utilized by posting it to the Gantt chart or other programming device, 
mentioned in (3) above. When this has been done the achieved 
results can be compared with the planned expectation. It is then 
possible to see how effectively the programme is being met and what 
remedial action is required to correct or accommodate any devia- 
tions. 

Effective accomplishment of the programme should not generally 
be obtained at the expense of efficient usage of labour, materials and 
capital equipment. It is necessary therefore to compare regularly 
the results achieved with the stated objective in order to measure the 
overall effectiveness of planning. 

The determination of performance indices (see above) is essential 
to reveal where improvement is possible and in this work study can 
play a large part. 


Plant Design and Work Study 


The basic principles of work study are the same whether they 
are applied to design, to construction, to operation or to mainte- 
nance. 

In other words, critical analysis of the recorded data is funda- 
mentally the same in the four fields listed. The subject for study is 
selected, all the relevant facts are recorded, the facts are examined 
critically in an ordered sequence, the most practical solution is then 
developed and the final result of the analysis is installed. With this 
in mind it will be seen that work study can be applied to the design 
of plant in any field of activity, but the particular techniques used, 
the method of their use, and the basic data to which they are applied 
must necessarily vary. 

More specifically, the following targets are aimed at in the applica- 
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tion of work study to design of a new plant or project or modification 
or extension of an existing one— 


(a) Shorten project time 

(b) Reduce capital and operating costs 
(c) Ensure efficient maintenance 

(d) Ensure efficient construction 

(e) Predict correct initial manning 

(f) Reduce alterations 

(g) Improve quality of design 

(h) Economize in technical manpower 


The work study techniques used to help achieve these aims are all 
based on method study and work measurement, but adapted to the 
particular needs of the designer. For instance, the charting tech- 
niques are often elaborated and may include scale models and other 
advanced two- or three-dimensional methods of display, while the 
critical examination phase may well be extended to cover special 
conditions. (See Fig. 20.3). 

In the selection of the aspects of the design which should be studied 
and in the assessment of the most efficient design from the many 
alternatives costs must not be overlooked. Inevitably, on design the 
problem arises, for example, of choosing between increased capital 
cost and lower maintenance costs. The best conclusions can only be 
reached by measuring each of these costs in like terms, e.g. return on 
capital plus depreciation per annum against the annual main- 
tenance cost, and equating them. The following broad steps may 
be considered as illustrating the use of work study in design. 


Examine Basic Design Data 

The recording of the basic process as an outline process chart 
(see page 50) followed by a critical examination of each operation 
in order to develop an improved basic plant, is the first step. Capital 
costs and operating costs are reduced by simplification and by the 
combination of operations in the same item of plant, when perhaps 
separate and costly items were originally specified. The final agreed 
plan records the full facts to enable the design to go ahead smoothly 
with the minimum alteration at later stages. The first step has been 
called a ** coarse scale " method study of the process and it becomes 
more and more obvious that this critical appreciation should be 
carried out as early as possible, certainly well before sanction to spend 
capital is requested. As design proceeds “ fine scale " method studies 
of minor process operations using detailed flow process charts and 
critical examination (see Chapters 6 and 7) should becarried out. These 
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studies give worthwhile economies in minor plant items, storage 
facilities, services usages, materials handling, etc. 


Examine Operators’ Work 


A detailed study of the methods to be used in operating the plant 
and the measurement of the work involved leads to better methods 
being developed so that the plant design can be improved from this 
point of view. Reductions in process costs and in labour problems, 
and improvements in working conditions and safety result from this. 


Examine Maintenance Work 


By listing the possible failures of all the plant items, the efficiency 
of the design in giving cheap maintenance can be assessed. Each 
plant item design can be analysed to reduce the maintenance work 
necessary. The methods of carrying out the essential maintenance 
can be studied and measured to develop the most economic. This 
work can be expanded in the later detailed design stages to form the 
framework for maintenance manning, planning (see page 230) and 
incentive schemes (see page 216). Such points as the accessibility and 
space provided to carry out maintenance work quickly and effectively 
and the amount of spare plant it is economic to purchase prove to be 


fertile grounds for the reduction of capital and operating costs. 


Examine Construction Work 


A close examination of construction methods early in the design 
of a project, using an experienced construction engineer, leads to 
improvements in the speed and efficiency of the erection work. This 
study serves as a very good basis on which to build better construc- 
tion planning programmes. 

Two further points at which work study can make itself felt are 
concerned with the organization and administration of design. 


Design Planning 


The planning of desi 
project through desi 
improved by the use 
work, The timing, 
concerned in the des 
only be resolved effi 


gn work, as a part of the whole planning of a 
gn, procurement and construction can be 
of planning as applied to any type of ene | 
Sequence and integration of the efforts of а 

ign of a project is a complex problem and can 
ciently by detailed planning, probably down to 
one man, one week (or even one day) and one drawing. The plan 
when programmed must be controlled day by day to ensure that the 
target is met. This detailed integration of effort depends to a great 
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extent on good work study practice applied to the work of the team, 
and hence contributes to the more efficient use of technical man- 
power. 


Examine Design Office Activities 

The use of activity sampling (see Chapter 15) to find out the pro- 
portion of time spent on all the jobs in the design office provides 
signposts to more detailed method studies. Critical examination 
shows that the time spent on paper-work procedures, drawings, 
material listing, etc. can be reduced and that costing systems can be 
improved. 


Work Study Applied to Product and Tool Design” 

The foregoing section has dealt mainly with the design problems 
associated with the location and erection of a whole project on a 
large-scale site. This leads to consideration of the work of an engin- 
eering drawing office engaged in the design of the components which 
make up this large equipment, as well as numberless other products 
and the tools that produce them. 

Product and tool designers are well aware of the necessity to sim- 
plify and standardize as far as possible; yet method study investiga- 
tions into manufacturing problems frequently throw up useful 
recommendations for improvements in design to products and tools. 
This suggests that the method study approach has a contribution to 
make, if its techniques can be adapted to the special problems of the 
designer. 

It is evident at once that the task of the product designer is a diffi- 
cult one. He is given a specification of requirements which may be 
very general or quite specific, and he has to convert abstract 
ideas into lines on paper. He may have to create something different 
from anything previously made. Referring to the method study 
procedure, he has very little to observe and record, except perhaps the 
manufacturing process for a similar product, if one exists. 

Work study is no substitute for knowledge, hard thinking and 
inspiration, and inevitably the designer first has to give free play to 
his thoughts to conceive the general idea which will fulfil the require- 
ments of the job. It is when the rough design has begun to evolve 
and is being developed in its constructional form that the method 
study procedure can be introduced. 


1 Specially contributed by С. P. Wade, Esq., B.SC., M.LPTOG.E., A.M.LE.E., 
Director of Work Study and Staff Training, Engineering Employers' West of 


England Association. 
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Critical Examination the Key 


Critical examination is the key step, butitis first necessary to expose 
the problem in such a way that it can be analysed systematically. The 
best way to do this is by means of a straightforward process chart 
showing the operations that would be needed to convert the design 
into the product. This is a salutary exercise in itself for any designer, 
for it demands up-to-date practical knowledge of manufacturing 
processes, and it obliges him to visualize and record the work neces- 
sary to produce his brain-child, 

In analysing and questioning every item and operation, the designer 
must concentrate on achieving simplicity through elimination, where- 
ever practicable and economic. In method study terminology, he is 
primarily concerned with what his drawing says must be done, and 
why. He must continually challenge the purpose of each part and 
each operation to see whether it can be eliminated. He is initiating a 
process and his task is to simplify his demands as far as possible,with 
due regard to the economics of the problem—how many bave to be 
produced and how much can be spent on machines and tools. 

After the product designer has decided what is essential and un- 
avoidable, the secondary questions, how, when, where, and who have 
to be answered by those whose job it is to plan the processes, tools, 
layouts and detailed methods of manufacture. However difficult 
these problems, they are at least unavoidable ones, if the product is 
well designed. So often complicated methods have to be evolved for 
work which should never have been called for in the first place. 


Designing the Tools 


This leads to the work of the tool designer, who is given the draw- 
ing of a product to make and has to devise the tools and equipment 
to do it efficiently. However well they work from a mechanical point 
of view, those which are operated and controlled by human beings 
will not be efficient unless they are designed for easy and comfortable 
use. The tool designer must therefore take account of the movements 
of the worker, and he must adapt his design accordingly. He should 
prepare a process chart showing in detail what movements will be 
needed and he should analyse and criticize his design until it fulfils 
the principles of motion economy (see pages 98-102). In developing 
tools and equipment which require rapid, complex or highly repeti- 
tive movements on the part of the worker, the techniques of micro- 
motion analysis are available for observing and recording work 
which cannot be adequately studied visually. 

The product designer who is working on articles for human use is 
also vitally interested in ease of operation and control. He needs the 
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same approach as the tool designer and should apply the method 
study procedure to analysing the way his product will be used, as 
well as to the way it will be made. In all cases the designer has to 
balance the demands of the function against those of economy, and 
their relative importance will vary with every job. 


Method Study Fundamental 

The analytical procedures which have been outlined, and which 
are inherent in method study, are entirely general. They are funda- 
mental to the rules which good designers endeavour to follow, such 
as reducing the number of components, using standard parts, and 
forming material instead of cutting it. These are all particular appli- 
cations of the general principle of elimination. Itis not unreasonable 
to hope that the form and appearance of the finished product, de- 
signed with these aims of simplicity and convenience constantly in 
mind, will approach those other and older canons of good design— 
fitness for purpose and pleasantness in use. 


Other Fields for Work Study 

There are many other fields in which work study has proved of 
value. For example, in the personnel technique of Job Evaluation, 
much use is made of the factual information given by work study as 
to what a job really consists of. This assists with the planning of a 
hierarchy of work, according to the complexity of jobs and the 
qualities necessary to perform them, upon which an equitable wages 
structure may be based. Similarly, the information used in labour 
control can also be used in cost control, since it enables the “ value” 
of different kinds of work to be expressed to a common base. 

Another use of work study is in Budgetary Control. The basis of 
every operating budget is the quantity of the product to be manu- 
factured or services to be supplied. Where every product, or quan- 
tity of service is identical, the output may be measured directly in 
terms of quantities of product or service, otherwise some other 
measure is required. This is provided by work study in the form of 
the work content of each product or unit ofservice. By this means it is 
possible to measure in terms of a common unit the budgeted or 
actual total output of a factory, department, process, etc. Also 
standard times enable targets to be set, both for productive processes 
and operations and for service departments such as maintenance. 


Work Study and Management 
It cannot be too strongly emphasized that work study is no more 


a substitute for good management than it is for technical knowledge 


W.S.—1. 
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and experience in the different specialist functions. Provided this is 
continuously borne in mind, the various techniques it includes to- 
gether comprise one of the most powerful tools at management’s 
disposal in the day-to-day business of developing and directing an 
organization whether industrial, commercial or otherwise. 

Sometimes method study investigations can be carried out by local 
management (provided it has received adequate training) since the 
techniques have been particularly designed to highlight the type of 
information in which management often has direct interest. More 
often, however, management is too much occupied with a variety of 
other responsibilities to be able to spare the time necessary for 
making detailed studies. As a result, it is usual for method study 
investigations to be regarded as a specialist function, and for respon- 
sibility for them to be delegated to someone who is not only ade- 
quately trained and experienced but is able to devote the whole of 
his time to the subject and to see that findings of particular signifi- 
cance are brought to management’s attention, together, when neces- 
sary, with appropriate suggestions for improvement. The ability to 
understand the extent and nature of the work that has gone into each 
investigation will be of immense assistance to management at all 
levels when evaluating the information supplied and deciding on the 
course of action. 

Work measurement techniques cannot be successfully applied 
except on a continuing basis by specialist personnel. These specialist 
personnel do not constitute a profession on their own. On the con- 
trary, the best results are often obtained by using personnel who have 
long experience of the work concerned and who have undergone 
thorough work study training; intensive specialization in the 
techniques alone is certainly not a qualification. In the same way as 
with method study, management will find it of considerable benefit 
to be familiar with the general techniques so that it can better appre- 
ciate the significance of work values and of the different factors 
involved in their derivation. 

The whole success of work study, in fact, depends upon manage- 
ment possessing not only sufficient knowledge for executive control, 
but sufficient understanding to stimulate the application of the 
techniques, to decide “ what " is to be studied (the work study staff 
will decide “ how”), and to appreciate work study's possibilities 


as well as its limitations. 


The Work Study Department me 
Where a work study department exists within an organization it 
should be regarded as an advisory group which can be called in to 
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make investigations as required by management. Although such a 
department may suggest subjects for investigation, it should not 
start on them independently but must first obtain management 
authorization to do so. It will be seen, therefore, that work study is 
essentially a functional activity which will be dependent for its suc- 
cess very much on the degree of collaboration it is able to achieve 
with the planning, operational, inspection, safety and other specialist 
functions. In addition, as has been shown above, the work study 
department is available to preview and give advice on the work 
study aspects of specifications and designs for new plant and equip- 
ment, methods and products (or services). 

The number of personnel employed on work study in an organiza- 
tion will, of course, have a very close bearing on the way in which 
the responsibility for the function is allocated. In some small con- 
cerns one individual only is able to carry out on his own all the 
investigations and make whatever studies are required. In such cases 
it frequently happens that he passes his findings straight through to 
top management and is closely concerned with the implementation 
of any recommendations he makes. 

When the number of work study personnel increases it is often the 
practice to divide responsibility for the different fields, and many 
large organizations have both method study and work measurement 
sections in their work study departments. Further subdivision may 
sometimes be justified within these sections to provide better service 
to different parts of the organization. It is most important, how- 
ever, that this division of responsibility within a work study depart- 
ment should be understood for what it is—to make for convenience 
of working—and not used as a means of applying either the method 
study or the work measurement techniques as completely separate 
activities. The danger of this happening will be reduced and the work 
study officers will be made more effective if they are moved from 
time to time between sections. This will help them to maintain an 
appreciation of all the various factors applicable to each task they 
study, apart from those with which they may be immediately 


concerned. 


Selection and Training of Personnel 

The most desirable personal qualities required of the work study 
officer are tact, honesty and enthusiasm, since in most cases his work 
will consist of obtaining information from others and, after analysing 
it, getting other people to accept and act on his suggestions. It is an 
advantage that he should have practical experience in the type of 
work he will be investigating, but in small concerns, where he may 
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be required to study a variety of different trades, this may not be 
possible. What is more important, therefore, is that he should pos- 
sess the ability quickly to appreciate what is involved in any task in 
terms of the skill and effort called for to achieve a given result. 

The length of specialist training required will vary according to 
the capacity of the individual and the extent of his responsibilities, 
but experience has proved that even under favourable circumstances it 
may take about two years to make a highly-trained work study 
officer. While much less time than this is required to provide training 
in the techniques themselves, considerable practice and experience 
are usually necessary before the best results are achieved. Practice 
can only satisfactorily be obtained in actual working conditions and 
under the guidance of an experienced senior officer. 


Costs of Application of Work Study 

Costs of application naturally vary according to the techniques 
used, which is a good reason why management should be familiar 
with the alternative techniques available and their main advantages 
and disadvantages in any particular instance. In the case of method 
study, once the cost of introducing new methods and equipment has 
been met, the expenses of maintaining a scheme are usually small. 
Work measurement may incur a continuing cost in connexion with 
the maintenance of values for control and other purposes, but this 
should seldom exceed a small percentage of the total wage bill. 

In general, it can safely be predicted that the results of work study 
will pay many times over for the costs of its application. It should 
be remembered also that in the majority of cases the savings are 
cumulative. 


Conclusion 

The point is often made that there is nothing new in work study, 
and that it is, after all, only common sense. It is true that the ideas 
behind some of the techniques have their origin as long ago as the 
beginning of the nineteenth century, while there are a number of 
companies operating today who have been applying one or other 
technique for more than forty years. It is true also that work study 1s 
largely common sense. 

What the modern work study approach does is to establish а 
relationship between the various techniques in a way which not only 
makes for their more effective application but is a useful guide and 
aid to the work of actually directing and controlling that application. 
It is an attempt to make order of common sense by devising a system 
of analysis which will ensure that the employment of that attribute 
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is more a matter of routine and less the product of inspiration. Work 
study is not designed for the contemplative, but for the busy executive 
who often has insufficient opportunity to examine his command 
critically. 

In itself work study can achieve nothing. For success it depends 
entirely upon what use is made of it by responsible management. 
Hence, it must be integrated into the normal process of management. 
At the same time it must be realized that work study is no “ once 
and for all " technique which can be used and then discarded. On the 
contrary, if it is to be part of the normal process of management 
it must be used continuously. In each case, too, the principles 
must be moulded to suit the nature of the particular problem; suc- 
cess in one instance does not imply automatic success in another, 


for no two cases are exactly the same. x 
In this book only the basic introduction to the subject has been 


given, but it is hoped that sufficient explanation of its potentialities 
has been made to encourage its widespread adoption wherever the 
opportunity exists. Sufficient experience has already been gained in 
many fields to show that work study can play a significant part in 
the continuous process of raising the general level of productivity, 
without which economic progress is impossible. 
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This book deals with every aspect of the 
subject from the management pointof view. 
It examines the function and purpose of 
work measurement, its techniques as ap- 
plied to office work, the units of measure- 
ment, and the various measuring devices. 
There is a final discussion of some of the 
problems involved, and a work measure- 
ment exercise appears as an appendix. 
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